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oCOBOL REPORT PROGRAM GENERATION BY MACRO PROCESSOR
ABSTRACT
The r ese a rc h  d e scr ib e d  i s  d ir e c te d  towards th e  developm ent 
o f  an in t e r a c t iv e  COBOL program g e n e r a to r . T his aim s to  s im p li fy  
computer u sa gp and c o n tr ib u te  to  th e  more e f f e c t i v e  u se  o f  
computer r e s o u r c e s , by a l l e v i a t i n g  th e  burdensom e, tim e-consum ing  
and erro r-p ro p e  a c t i v i t y  o f  programming.
The work i s  based  on PG/1, an e x is t in g  macro p r o c e s s o r , and 
in  p a r t ic u la r  c o n s id e r s  th e g e n e ra tio n  o f  r ep o rt program s.
The problem s o f  program g e n e ra tio n  by macro p r o c esso r  are  
f i r s t  ex p lo red  u s in g  F i le t a b ,  an e x i s t in g  rep o rt s p e c i f i c a t io n  
lan gu age,' and a v o id in g  th e in t e r a c t iv e  a s p e c t .  T h is e s t a b l i s h e s  
th e  f e a s i b i l i t y  o f  g e n e r a t in g  COBOL programs but i d e n t i f i e s  
sh ortcom in gs in  th e  macro p r o c esso r  f a c i l i t i e s .  Enhancements to  
th e  macro p ro cesso r  a re  d e fin ed  and th e  PG/2 v e r s io n  i s  c r e a te d  
fo r  u s e .
The developm ent o f  an in t e r a c t iv e  s e l f - i n s t r u c t i o n a l  COBOL 
r e p o r t program g en era to r  fo r  th e  c a su a l u ser  i s  chosen a s  th e  
area fo r  deeper in v e s t ig a t i o n .
From a c o n s id e r a t io n  o f  data b a ses  and query la n g u a g es i t  
i s  concluded  th a t a r e la t io n a l  v iew  o f  th e data forms th e  most 
n a tu r a l b a s is  fo r  a com puter-dom inated , n on -p roced u ra l r e p o r t -  
s p e c if y in g  d ia lo g u e  w ith  a c a su a l u s e r .
A d es ig n  stu d y  fo r  an in t e r a c t iv e  s e l f - t e a c h in g  COBOL r ep o r t  
program generator^ based on th e  PG/2 macro p r o c e sso r  and o f f e r in g  
some o f  th e  b e n e f i t s  o f  a R e la t io n a l Data base Management S ystem , 
i s  d e sc r ib e d . The v a l id a t io n  o f  th e  u s e r 's  r e sp o n se s  i s  a major 
u n d erta k in g  ipnd le a d s  to  a la r g e  sy stem . D e t a i l s  o f  th e  m acros 
im plem enting s e le c t e d  fe a tu r e s  a re  p r e se n te d .
I t  i s  concluded  th a t  program g en era tio n  app ears e f f i c i e n t  
but may be o f  even g r e a te r  u se  to  a p r o fe s s io n a l  programmer than  
to  th e  n o n - s p e c ia l i s t  u s e r .  The PG/2 macro p r o c e s s o r , a lth o u g h  
n o t an id e a l  t o o l  fo r  COBOL program g e n e r a t io n , s e r v e s  to  i d e n t i f y  
th e  c h a r a c t e r i s t i c s  o f  an a p p ro p r ia te  t o o l .  There i s  p o t e n t ia l  
fo r  ex ten d in g  and a d a p tin g  th e tech n iq u es  used  to  o th er  
a p p lic a t io n s *
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2 4 . STAGE3-2 SUBFILE
25 .  DIAL6 ANp STAGES SUBFILES /
26 .  DIAL7 ANp STAGE7 SUBFILES
27 .  DIAL8 ANp STAGE8 SUBFILES





1 .1  BACKGROUND TO THE PROJECT
' W i t h  t h e  i n c r e a s i n g  number  o f  c o m p u te r s  i n  u s e ,  e s p e c i a l l y  
s m a l l e r  o n e s ,  t h e r e  i s  a g r o w in g  demand f o r  c o m p u te r  p r o g r a m s .
T h i s  demand w i l l  soon  g r e a t l y  e x c e e d  t h e  number o f  p ro g ra m m e rs  
a v a i l a b l e  t o  u n d e r t a k e  p ro g ram  d e v e l o p m e n t .  I n  g e n e r a l  c o m p u t e r s  
a r e  d i f f i c u l t  t o  u s e  e s p e c i a l l y  by  t h e  n o n -p r o g r a m m e r ,  b u t  
i n c r e a s i n g l y  s u c h  p e o p l e  w i l l  be r e q u i r e d  t o  make u s e  o f  a 
c o m p u t e r .  T h e re  a r e  t h r e e  a p p r o a c h e s  by  w h ich  a n o n - p r o g r a m m e r  
c a n  make u s e  o f  a c o m p u t e r :
1 .  He can  l e a r n  t o  p r o g r a m .
2 . He can  b r i e f  a p rog ram m er  to  d e v e l o p  a p ro g ra m  t o  m ee t  
h i s  r e q u i r e m e n t s .
3 .  The c o m p u te r  s c i e n t i s t  can  c r e a t e  a s y s t e m  w h ich  e n a b l e s  
t h e  n o n -p ro g ra m m e r  t o  communica te '  h i s  r e q u i r e m e n t s  d i r e c t l y  t o  t h e
c o m p u t e r .
The f i r s t  a p p r o a c h  i s  t i m e  c o n s u m in g .  The s e c o n d  a p p r o a c h  
may be e x p e n s i v e  ( e v e n  i f  a p rogram m er  i s  a v a i l a b l e )  an d  t h e r e  i s  
p o t e n t i a l l y  a p o o r  i n t e r f a c e .  Be tween  t h e  r e a l i s a t i o n  o f  t h e  
p r o b le m  a n d  o b t a i n i n g  r e s u l t s ,  b o t h  t h e s e  a p p r o a c h e s  s u f f e r  d e l a y s  
w h i l e  t h e  p rogram  i s  coded  and  d e v e l o p e d .  C o d in g  i s  o f t e n  a 
b u r d e n ,  e s p e c i a l l y  i n  a v e r b o s e  l a n g u a g e  l i k e  COBOL.
The t h i r d  a p p r o a c h  i s  a l s o  p o t e n t i a l l y  e x p e n s i v e  a n d  c a r r i e s  
w i t h  i t  t h e  p r o b le m  o f  d e f i n i n g  t h e  ' u s e r  i n t e r f a c e ' .  I t  d o e s ,  
h o w e v e r ,  h a v e  t h e  i m p o r t a n t  a d v a n t a g e  o f  s h o r t e n i n g  t h e  t i m e  
b e t w e e n  t h e  r e a l i s a t i o n  o f  a p ro b le m  and  o b t a i n i n g  r e s u l t s .  I t  
i s  i n  t h i s  l a t t e r  a p p r o a c h  t h a t  a p ro g ram  g e n e r a t o r  and  a p r o b l e m  
o r i e n t a t e d  l a n g u a g e  p l a y  a s i g n i f i c a n t  p a r t .
A p ro g ram  g e n e r a t o r  i s  a c o m p u te r  s o f t w a r e  p a c k a g e  w h ic h
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w i l l  p r o d u c e  a p ro g ra m  t o  p e r f o r m  a s p e c i f i c  v e r s i o n  o f  some 
g e n e r a l  a p p l i c a t i o n ,  when s u p p l i e d  w i t h  d a t a  s p e c i f y i n g  t h e  
r e q u i r e m e n t s  f o r  t h e  p a r t i c u l a r  a p p l i c a t i o n .  The p u r p o s e s  o f  a 
p ro g ra m  g e n e r a t o r  a r e  t w o f o l d :
1 .  To make i t  ' e a s i e r '  t o  u s é  t h e  c o m p u t e r  a s  a t o o l  f o r  
p r o b le m  s o l v i n g  by  p r o v i d i n g  a means  o f  c r e a t i n g  a n  a p p r o p r i a t e  
u s e r  i n t e r f a c e .
2 . To e n a b l e  t h e  u s e r  to  u s e  t h e  c o m p u te r  'more 
e f f i c i e n t l y ' .
By m ak ing  t h e  u s e  o f  a c o m p u te r  a more n a t u r a l  p r o c e s s ,  t h e  
p ro g ra m  g e n e r a t o r  s e r v e s  t o  s h o r t e n  t h e  t i m e  b e tw e e n  t h e  
CZ) r e a l i s a t i o n  o f  t h e  n e e d  f o r  a c o m p u te r  p ro g ram  t o  s o l v e  a p r o b le m
a n d  t h e  c o m p l e t i o n  o f  a w o r k i n g  p r o g r a m .  T h i s  a p p r o a c h  s h o u l d  u s e  
l e s s  r e s o u r c e s  when t h e  c r e a t i o n  o f  a p rog ram  i s  f o l l o w e d  b y  i t s  
r e g u l a r  u s e .  Not o n l y  d o e s  t h e  u s e  o f  a p ro g ra m  g e n e r a t o r  a s s i s t  
t h e  p r o f e s s i o n a l  p rog ram m er  t o  d e v e l o p  a p ro g ra m  more e f f i c i e n t l y ,  
b u t  i t  i s  a l s o  a s t e p  t o w a r d s  t h e  go a' 1 o f  a l l o w i n g  a much l a r g e r  
c l a s s  o f  u s e r s  to  u s e  t h e  c o m p u te r  a s  a p r o b le m  s o l v i n g  t o o l .
Non—p r o c e d u r a l i t y i s  e s s e n t i a l  i n  t h e  d e s i g n  o f  p r o b l e m  
o r i e n t a  t e d  l a n g u a g e s  f o r  u s e  w i t h  p ro g ram  g e n e r a t o r s .  T h a t  i s  to  
t h e  t r e n d  m us t  be  t o w a r d s  systèmes w here  t h e  u s e r  s p e c i f i e s  
t h e  p r o b le m  t o  be s o l v e d  and  n o t  'how '  t h e  p r o b le m  s h o u l d  be  
s o l v e d .  F o r  exam ple  i n  a s t a t i s t i c a l  p a c k a g e ,  s u c h  a s  EASYSTAT
[ 2 4 ] ,  t h e  u s e r  d e s c r i b e s  i n  s h o r t  E n g l i s h  p h r a s e s  t h e  c o m p u t a t i o n  
he  w i s h e s  c a r r i e d  o u t  on t h e  d a t a ,  e . g .  M u l t i p l e  l i n e a r  r e g r e s s i o n  
u s i n g  20 v a r i a b l e s .  He d o e s  n o t  have  t o  d e f i n e  t h e  f o r m u l a e  a n d  
p r o c e s s i n g  n e e d e d  t o  o b t a i n  t h e  a n s w e r s .  S i m i l a r l y  w i t h  a r e p o r t  
g e n e r a t o r  s y s t e m ,  e . g .  F i l e t a b  [ 7] , . the u s e r  h a s  o n l y  t o  s u p p l y  
d i r e c t i v e s  d e s c r i b i n g  t h e  f i l e s  c o n t a i n i n g  t h e  d a t a  an d  t h e  fo rm 
an d  c o n t e n t  o f  t h e  r e q u i r e d  r e p o r t .  He d oes  n o t  h a v e  t o  s p e c i f y  
how t h e  f i l e s  a r e  t o  be p r o c e s s e d  t o  e x t r a c t  t h e  d a t a ,  n o r  how i t
oo
i s  t o  be r e o r g a n i s e d  i n t o  t h e  form r e q u i r e d  i n  t h e  r e p o r t .
T h e re  a r e  two p o s s i b l e  a p p r o a c h e s  t o  n o n - p r o c e d u r a i  
l a n g u a g e s :
1 .  The c r e a t i o n  o f  a n  i n t e r p r e t e r  t o  t r a n s l a t e  t h e  
s t a t e m e n t s  o f  t h e  h i g h  l e v e l  l a n g u a g e  i n t o  m a c h in e  code  
i n s t r u c t i o n s  w h ich  a r e  i m m e d i a t e l y  e x e c u t e d ,  c . f .  F i l e t a b .
2 .  The c r e a t i o n  o f  a c o m p i l e r  w hich  makes  u s e  o f  t h e  
o v e r a l l  s t a t e m e n t  o f  t h e  p ro b le m  and  p r o d u c e s  a m a c h in e  l a n g u a g e  
r o u t i n e  t o  be  e x e c u t e d  l a t e r ,  c . f .  t h i s  p r o j e c t .
klien d e a l i n g  w i t h  a v e r y  h i g h  l e v e l  l a n g u a g e  ( a n d  a 
n o n - p r o c e d u r a l  one a t  t h a t )  t h e r e  i s  a n e e d  t o  e v o l v e  t h e  l a n g u a g e  
i n  t h e  l i g h t  o f  e x p e r i e n c e .  A ls o  t h e  n o n - p r o c e d u r a l  v e r y  h i g h  
l e v e l  l a n g u a g e  n e e d s  t o  be c o m p i l e d  i n t o  a p r o c e d u r a l  h i g h  l e v e l  
l a n g u a g e  s u c h  a s  FORTRAN, COBOL e t c .
I n  t h e  c r e a t i o n  o f  a n y  p r o b l e m - t o - p r o b l e m  t r a n s l a t o r  t h e  
f a c i l i t y  t o  m a n i p u l a t e  s t r i n g s  o f  c h a r a c t e r s  i s  e s s e n t i a l :  macro  
p r o c e s s o r s  hav e  b e e n  shown by  M c l l r o y  [ 1 ] ,  H a l p e r n  [ 2 ] ,  S t r a c h e y
[ 3 ] an d  Brown [ 4 ]  t o  m ee t  t h i s  r e q u i r e m e n t . A macro  p r o c e s s o r  
p r o v i d e s  g e n e r a l  p u r p o s e  s t r i n g  m a n i p u l a t i o n  f a c i l i t i e s  f o r  
l a n g u a g e  t r a n s l a t i o n .  I t  h a s  t h e  a d d e d  a d v a n t a g e  t h a t  e x t e n s i o n s  
t o  t h e  l a n g u a g e , c r e a t e d  t o  m ee t  t h e  u s e r ' s  c h a n g i n g  n e e d s ,  c a n  be  
a c h i e v e d  by macro  e x t e n s i o n .
I t  h a s  a l r e a d y  b e e n  shown by  M a n d i l  [ 3] t h a t  a g e n e r a l  
p u r p o s e  macro  p r o c e s s o r  can  be  u s e d  a s  a p o w e r f u l  t o o l  i n  t h e  
d e v e l o p m e n t  o f  a g e n e r a l  p u r p o s e  t r a n s l a t o r .  As an  a l t e r n a t i v e  
t o  a s p e c i a l  p u r p o s e  i n t e r p r e t e r ,  t h i s  s t u d y  i n v e s t i g a t e d  ' p r o b le m  
-to-FORTRAN' g e n e r a t i o n  i n  o r d e r  t o  c r e a t e  a n  e f f i c i e n t  s y s t e m  f o r  
s o l v i n g  a r a n g e  o f  n u m e r i c a l  p r o b l e m s .  Under  t h i s  s y s t e m  t h e  
p r o b l e m s  a r e  s p e c i f i e d  a t  a t e r m i n a l  by means  o f  a u s e r / s y s t e m  
i n t e r a c t i v e  d i a l o g u e .  The s y s t e m  a s s u m e s  t h e  i n i t i a t i v e  f o r  mos t
oo
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o f  t h e  t i m e  and.  i n t e r r o g a t e s  t h e  u s e r  a b o u t  h i s  p r o b l e m .  The u s e r  
i s  g u i d e d  a t  e v e r y  s t e p  and  d e f a u l t  o p t i o n s  a r e  p r o v i d e d  t o  c o v e r  
common r e q u i r e m e n t s .  The s y s t e m  r e l i e s  on t h e  e x i s t e n c e  o f  a good 
l i b r a r y  o f  n u m e r i c a l  s u b p r o g r a m s .
I n  t h e  s c i e n t i f i c  f i e l d  p r o b l e m s  t e n d  to  be  c h a r a c t e r i z e d ,  by, 
a low volume o f  i n p u t  d a t a ,  c om plex  a l g o r i t h m s ,  a c o n s i d e r a b l e  
am ount o f  m a t h e m a t i c a l  c a l c u l a t i o n  an d  r e l a t i v e l y  s i m p l e  o u t p u t  
f o r m a t s .  By c o n t r a s t  i n  t h e  c o m m e r c i a l  f i e l d  e m p h a s i s  c h a n g e s  t o  
a h i g h  volume o f  i n p u t  d a t a ,  s t r a i g h t - f o r w a r d  a l g o r i t h m s ,  a l o w e r  
l e v e l  o f  c o m p u t a t i o n  an d  t h e  p r o d u c t i o n  o f  p r i n t e d  r e p o r t s  a n d / o r  
o u t p u t  f i l e s ,  w h ich  may h a v e  q u i t e  com plex  f o r m a t s .
T h i s  p r o j e c t  was i n i t i a l l y  m o t i v a t e d  by an  i n v e s t i g a t i o n  
o f  ways t o  make i t  ’ e a s i e r ’ f o r  t h e  c a s u a l  u s e r . t o  u s e  t h e  
c o m p u te r  a s  a t o o l  f o r  s o l v i n g  a l i m i t e d  r a n g e  o f  c o m m e r c i a l  d a t a  
p r o c e s s i n g  p r o b l e m s .  E s s e n t i a l l y  t h e  i n t e r e s t  l i e s  i n  w h e t h e r  
ways c an  be  fo u n d  t o  h e l p  t h e  u s e r  u s e  t h e  c o m p u te r  more 
e f f i c i e n t l y  -  t h a t  i s  t o  i n v e s t i g a t e  ways o f  r e d u c i n g  w a s t a g e  i n  
t e r m s  o f  t i m e  and  r e s o u r c e s  a t  t h e  m a n /c o m p u t e r  i n t e r f a c e .
The p r o b l e m s  o f  c o m m u n ic a t io n  b e tw e e n  u s e r ,  s y s t e m s  
a n a l y s t ,  p rogram m er  an d  c o m p u te r  a r e  c h i e f l y  r e s p o n s i b l e  f o r  t h e  
i n e f f i c i e n t  u s e  o f  r e s o u r c e s .  The aim i s  t o  remove some o f  t h e s e  
d i f f i c u l t i e s  by  t h e  c r e a t i o n  o f  a s y s t e m  w here  t h e  n o n - p r o g r a m m e r  
c a n  com m unica te  a r a n g e  o f  s i m p l e  p r o b le m s  d i r e c t l y  t o  t h e  
c o m p u t e r ,  i n  o r d e r  t o  p r o d u c e  a p ro g ra m  t o  s o l v e  h i s  p r o b l e m .
Thus s h o r t e n i n g  t h e  t i m e  s p a n  b e t w e e n  t h e  r e a l i s a t i o n  o f  a p r o b l e m  
a n d  o b t a i n i n g  r e s u l t s .
One o f  t h e  commonest  p r o b l e m s  i n  t h e  c o m m e r c i a l  e n v i r o n m e n t  
i s  t h e  ' r e q u e s t  f o r  a r e p o r t ' ,  w h ich  u s u a l l y  means  t h e  r e g u l a r  
r e p e t i t i o n  o f  r e l a t i v e l y  l o n g  r u n s  o f  r e l a t i v e l y  s t r a i g h t - f o r w a r d  
d a t a  p r o c e s s i n g .  A n o t h e r  c o n s i d e r a t i o n  i s  t h e  p r o d u c t i o n  o f
oo
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r e p o r t  p ro g r a m s  f o r  s m a l l  ( m i c r o )  c o m p u t e r s .  A p ro g ram  g e n e r a t o r  
r u n n i n g  on a l a r g e  m a c h in e  may be a good way t o  t a c k l e  t h i s  
p r o b l e m .  I t  i s  t h e  s o l u t i o n  o f  p r o b le m s  l i k e  t h e s e  t h a t  t h e  COBOL 
g e n e r a t i o n  work d e s c r i b e d  i n  t h i s  t h e s i s  r e p r e s e n t s  an  e x p l o r a t o r y  
s t e p .  R e p o r t  p ro g ra m  g e n e r a t i o n  i s  a good t e s t  c a s e  b e c a u s e  i t  
c o v e r s  a v a r i e t y  o f  i m p o r t a n t  t e c h n i q u e s .  I f  d i f f i c u l t i e s  a r i s i n g  
i n  t h e  g e n e r a t i o n  o f  COBOL r e p o r t  p ro g ra m s  f rom i n f o r m a t i o n  
s u p p l i e d  by  a c a s u a l  u s e r  c an  be  o v e rc o m e ,  t h e n  i t  i s  l i k e l y  t h a t
a w i d e r  r a n g e  o f  p r o b l e m s  can  be s o l v e d  by  t h e  g e n e r a t i o n  o f  a
COBOL p r o g r a m .
1 . 2  AIMS
The o b j e c t  o f  t h i s  work on COBOL p ro g ra m  g e n e r a t i o n  h a s  b e e n  
t o  d i s c o v e r  a n d  e x p l o r e  some o f  t h e  b e n e f i t s  t h a t  c o u l d  a r i s e  f rom 
c a r e f u l l y  and  s y s t e m a t i c a l l y  e x p l o i t i n g  a r e l a t i v e l y  s m a l l . n u m b e r  
o f  b a s i c  i d e a s .  The k e y  i d e a  i s  t h a t  o f  u s i n g  a c o m p u te r
d o m i n a t e d  d i a l o g u e  a s  a b a s i s  f o r  g e n e r a t i n g  a s y n t a c t i c a l l y  and
s e m a n t i c a l l y  c o r r e c t  COBOL r e p o r t  p r o g r a m .  The s u c c e s s  o f  
g e n e r a t i n g  a s y n t a c t i c a l l y  c o r r e c t  p ro g ra m  i s  r e a d i l y  m e a s u r e d ,  
b u t  t h a t  o f  g e n e r a t i n g  a s e m a n t i c a l l y  c o r r e c t  p ro g ra m  i s  l e s s  
q u a n t i f i a b l e .
The main  a i m s  o f  t h e  work a r e  a s  f o l l o w s :
1 .  To e x p l o r e  t h e  p r o b l e m s  o f  COBOL g e n e r a t i o n .
2 . To e x p l o r e  t h e  s o f t w a r e  f o r  d i a l o g u e  b a s e d  p r o g r a m  
g e n e r a t i o n .
3 . To d e v e l o p  a c o m p u t e r / u s e r  d i a l o g u e , ,  i n  a r e l a t i v e l y  
n o n - p r o c e d u r a l  l a n g u a g e ,  by  w h ich  t h e  c a s u a l  u s e r  can  d e s c r i b e  t h e
r e p o r t  he r e q u i r e s .
4 .  To d e v e l o p  a s y s t e m ,  w h ich  makes u s e  o f  t h e  i n f o r m a t i o n  
g a t h e r e d  d u r i n g  t h e  d i a l o g u e ,  t o  g e n e r a t e  a s y n t a c t i c a l l y  c o r r e c t  
p r o g r a m .
3 .  To g e n e r a t e  COBOL p r o g r a m s  t h a t  hav e  an  e f f i c i e n c y
6■comparab le  w i t h  t h a t  o f  hand  coded  p r o g r a m s , b u t  w h ich  r e q u i r e  
f e w e r  man h o u r s  an d  c o m p u te r  r e s o u r c e s  f o r  t h e i r  d e v e l o p m e n t .
6 .  As a s t e p  t o w a r d s  e n s u r i n g  t h e  g e n e r a t i o n  o f  
s e m a n t i c a l l y  c o r r e c t  p r o g r a m s ,  t o  p r o v i d e  some f e a t u r e s  w h ich  h e l p  
ch ec k  t h a t  t h e  u s e r ' s  r e q u e s t s  a r e  s e n s i b l e  an d  a l l o w  him some 
o p p o r t u n i t y  t o  v e r i f y  t h a t  t h e  p ro g ra m  o u t p u t  w i l l  m ee t  h i s  
r e q u i r e m e n t s .
7 .  U l t i m a t e l y ,  t o  c o n s i d e r  some o t h e r  a s p e c t s  o f  
p rog ram m ing  and COBOL p ro g ra m  g e n e r a t i o n .
1 . 3  APPROACH
A l t h o u g h  t h e  ' r e q u e s t  f o r  a r e p o r t ' was s e l e c t e d  a s  t h e  a r e a  
f o r  d e e p e r  i n v e s t i g a t i o n ,  t h r o u g h o u t  t h e  d e s i g n  s t a g e s  o f  t h e  
p r o j e c t  t h e  p o s s i b i l i t y  o f  e x t e n d i n g  t h e  r a n g e  o f  p r o b l e m s ,  w h ic h  
c o u l d  be s o l v e d  by  t h e  g e n e r a t i o n  o f  a COBOL p r o g r a m ,  was b o r n  i n  
m in d .
The p r a c t i c a l  work f o r  t h i s  p r o j e c t  was u n d e r t a k e n  u s i n g  
a n  ICL 1900 s e r i e s  c o m p u te r  and  t h i s  g r e a t l y  i n f l u e n c e d  t h e  c h o i c e  
o f  s o f t w a r e .  The PG/1 macro p r o c e s s o r  [ 3] was s e l e c t e d  f o r  t h e  
d e v e l o p m e n t  o f  t h e  COBOL p ro g ra m  g e n e r a t o r  f o r  two m ain  r e a s o n s ;
1 .  I t  r e p r e s e n t e d  t h e  o n l y  c o n v e n i e n t  g e n e r a l  p u r p o s e  
s t r i n g  p r o c e s s i n g  s y s t e m  a v a i l a b l e  on t h e  ICL I 9OO s e r i e s  c o m p u t e r  
a t  t h e  s t a r t  o f  t h e  p r o j e c t .
2 .  The macro p r o c e s s o r  had  p r e v i o u s l y  b e e n  u s e d  f o r  a 
FORTRAN g e n e r a t i o n  p r o j e c t ,  a g a i n s t  w hich  i t  was i n t e r e s t i n g  t o  
com pare  t h e  p r o b l e m s  e n c o u n t e r e d  i n  t h e  g e n e r a t i o n  o f  COBOL.
The PG/1 macro  p r o c e s s o r  was a s u c c e s s o r  t o  t h e  KP/1 m acro  
p r o c e s s o r  [ 6 ] .
The p r o j e c t  b e g a n  by  i n v e s t i g a t i n g  t h e  f e a s i b i l i t y  o f ,  a n d  
p r o b l e m s  e n c o u n t e r e d  i n  g e n e r a t i n g  e f f e c t i v e  COBOL p r o g r a m s  f rom  
8 n o r m a l  r e p o r t  g e n e r a t o r  l a n g u a g e  u s i n g  t h e  PG/1. macro  p r o c e s s o r .
O
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. I t  was d e c i d e d  t o  u s e  an  e x i s t i n g  r e p o r t  g e n e r a t o r  l a n g u a g e  a s  t h e  
p r o b le m  s p e c i f y i n g  l a n g u a g e ,  b e c a u s e  t h i s  had  t h e  a d v a n t a g e  t h a t  
c o m p a r i s o n s  i n  t h e  s i z e  a n d  e f f i c i e n c y  o f  t h e  g e n e r a t e d  COBOL 
p ro g ra m  c o u l d  be  made .  I t  a l s o  p e r m i t t e d  a l l  t h e  e f f o r t  t o  be 
d i r e c t e d  t o w a r d s  t h e  d e v e l o p m e n t  o f  t h e  macro d e f i n i t i o n s  w i t h o u t  
t h e  b u r d e n  o f  d e s i g n i n g  a p r o b le m  s p e c i f y i n g  l a n g u a g e .  The 
N a t i o n a l  Com put ing  C e n t r e ' s  F i l e t a b  p a c k a g e  [ 7 ] ,  whose ICL I 9OO 
s e r i e s  v e r s i o n  i s  c a l l e d  TABN, was an  a p p r o p r i a t e  r e p o r t  g e n e r a t o r  
l a n g u a g e  f o r  t h i s  p u r p o s e .  The F i l e t a b  l a n g u a g e  f e a t u r e s  a r e  v e r y  
c o m p r e h e n s i v e ,  so f o r  t h e  p u r p o s e s  o f  t h i s  i n i t i a l  s t u d y  a s u b s e t  
was s e l e c t e d .  i T h e s e  c o v e r e d  t h e  s i m p l e r  f a c i l i t i e s  r e q u i r e d  f o r  
g e n e r a t i n g  a t y p i c a l  r e p o r t .
The i n i t i a l  s t u d y  showed t h a t  a c c e p t a b l e  COBOL p r o g r a m s  
c o u l d  be  g e n e r a t e d  by  u s i n g  macro d e f i n i t i o n s  t o  t r a n s l a t e  t h e  
r e p o r t  s p e c i f i c a t i o n s .  T h i s  s t a g e  o f  t h e  p r o j e c t  s e r v e d  t o  
i d e n t i f y  e n h a n c e m e n t s  t o  t h e  PG/1 macro  p r o c e s s o r  i n  o r d e r  t o  g i v e  
g r e a t e r  m a n i p u l a t i v e  power  and  f l e x i b i l i t y .  The n e c e s s a r y  
e n h a n c e m e n t s  were  d e f i n e d  an d  t h i s  l e d  t o  t h e  c r e a t i o n  o f  t h e  PG/2 
macro  p r o c e s s o r ,  w h ich  fo rm ed  t h e  b a s i s  f o r  t h e  r e m a i n d e r  o f  t h e  
p r o j e c t .  (The i m p l e m e n t a t i o n  o f  t h e s e  e n h a n c e m e n t s  d i d  n o t  fo rm 
( 2 ) p a r t  o f  t h e  c a n d i d a t e ' s  work on t h e  p r o j e c t . )
A d e s i g n  s t u d y  was t h e n  u n d e r t a k e n  t o  d e v e l o p  a 
n o n - p r o c e d u r a l  c o m p u t e r / u s e r  d i a l o g u e  a s  a means  o f  s p e c i f y i n g  
t h e  form an d  c o n t e n t  o f  t h e  r e p o r t .  As p a r t  o f  t h i s  s t u d y  
c o n s i d e r a t i o n  was g i v e n  t o  c u r r e n t  work on d a t a  b a s e s  a n d  q u e r y  
l a n g u a g e s .  The a im o f  t h e  p r o j e c t  was to  e x p r e s s  t h e  d i a l o g u e  i n  
t e r m s  o f  t h e  u s e r ' s  v ie w  o f  t h e  d a t a .  I n  a d d i t i o n  t o  r e q u e s t i n g  
a n s w e r s  t o  s p e c i f i c  q u e s t i o n s ,  t h e  c o m p u te r  d i a l o g u e  a d o p t s  a 
t u t o r i a l  a p p r o a c h  by  d i s p l a y i n g  i n s t r u c t i o n a l  t e x t  i l l u s t r a t e d  by  
e x a m p l e s .  From t h i s  s t u d y  i t  became a p p a r e n t  t h a t  i t  was p o s s i b l e
o8
to  d e v e l o p  a sy s te m  i n c o r p o r a t i n g  some o f  th e  b e n e f i t s  a s s o c i a t e d  
w ith  Data b ase  Management Systems (DBMS). In  p a r t i c u l a r  i t  became 
c l e a r  t h a t  th e  u s e r  need  n o t  be aware o f  th e  a c t u a l  data  form ats  
and t h a t  each u s e r  c o u ld  be g i v e n  h i s  own v ie w  o f  th e  d a t a .  
A lthough  any form o f  data d e s c r i p t i o n  co u ld  have been a d o p t e d ,  a 
r e l a t i o n a l  l a n g u a g e  was ch osen  b e c a u s e  i t  seems t o  be th e  more 
n a t u r a l  from th e  c a s u a l  u s e r ' s  p o i n t  o f  v i e w .  B e s i d e s  p r o v i d i n g  
an e lem en t  o f  data  in d ep en d en ce  i t  emerged t h a t  t h e r e  was s c o p e  
f o r  t h e  c r e a t i o n  o f  a range o f  ' p r i v a c y '  mechanism s .
The o u t l i n e  d e s i g n  f o r  a co m p le te  r e l a t i o n a l  'DBMS* t y p e  
s y s te m  f o r  th e  g e n e r a t i o n  o f  COBOL programs to  p r i n t  a r e p o r t  f o r  
th e  non-programmer was p re p a r e d .  The sys te m  c o n s i s t s  o f  t h r e e  
main p a r t s .
The f i r s t  p a r t ,  f o r  u se  by a 'Data b a s e  A d m i n i s t r a t o r ' ,  
c o n s i s t s  o f  macro d e f i n i t i o n s  to  c r e a t e  and m a in t a in  a C a t a lo g u e  
o f  F i l e  d e s c r i p t i o n s  which d e s c r i b e  th e  data i n  the  data  b a s e .  
E s s e n t i a l l y  th e  p e r s o n  i n  ch arge  o f  th e  s y s te m  has  to  m a i n t a i n  a 
data d i c t i o n a r y  which  i n c l u d e s  s p e c i f y i n g  how each  c l a s s  o f  u s e r  
' v i e w s '  the  f i l e s  a v a i l a b l e .  The f i l e s  d e s c r i b e d  i n  th e  C a t a lo g u e  
may be on v a r i o u s  m ed ia ,  o r g a n i s e d  i n  a v a r i e t y  o f  ways and n eed  
( 2 )  n o t  have been d e s i g n e d  p r i m a r i l y  f o r  u se  i n  a r e l a t i o n a l  data
b a s e .  The sys tem  p r o v i d e s  f o r  th e  c r e a t i o n  o f  a p r i v a c y  mechanism  
to  p r o t e c t  th e  data  when i t  i s  a c c e s s e d  by th e  g e n e r a t e d  COBOL 
program.
The second  p a r t  o f  th e  s y s te m  i s  s e l f - t u t o r i a l  i n  a pp roach  
and g a t h e r s ,  by means o f  a c o m p u te r /u s e r  d i a l o g u e ,  i n f o r m a t i o n  
about  th e  r e p o r t  r e q u i r e d  by th e  non-programmer u s e r .  T h i s  
i n f o r m a t i o n  i s  s t o r e d  i n  ways which e n a b l e s  th e  t h i r d  p a r t  o f  th e  
sy s te m  to  g e n e r a t e  th e  COBOL program to  produce  the  r e p o r t  t h e  
u s e r  r e q u i r e s .  As w e l l  a s  b e i n g  s e l f - t u t o r i a l ,  th e  s e c o n d  p a r t  o f
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t h e  sy s te m  i s  d e s i g n e d  t o  i n c o r p o r a t e  a ’h e l p ’ f a c i l i t y  to  en a b le  
t h e  u s e r  to  change h i s  mind ab ou t  an e a r l i e r  d e c i s i o n  and to  
e x p er im en t  w i th  r e p o r t  l a y o u t  d e s i g n s .  The s y s t e m  a l s o  p e r m i t s  
th e  u s e r  to  v iew  a sample o f  c o m p u te r /u s e r  d i a l o g u e  which c o v e r s  a 
s i t u a t i o n  s i m i l a r  to  t h a t  a t  th e  p o i n t  where he r e q u e s t e d  h e l p .
' Throughout th e  d i a l o g u e  t h e r e  a r e  many i n s t a n c e s  where t h e  u s e r  
may o p t  f o r  th e  d e f a u l t  r e p l y  to  a q u e s t i o n  and th u s  r e d u c e  t h e  
amount o f  i n f o r m a t i o n  to  be k eyed  i n .
The m ain ten an ce  o f  th e  data  b ase  C a ta lo g u e  and th e
co m p u te r /u s e r  d i a l o g u e  a r e  d e s i g n e d  a s  fo reg r o un d  jo b s  t o  be run  
a t  a t e r m i n a l .  The g e n e r a t i o n  o f  th e  COBOL r e p o r t  program, i t s  
c o m p i l a t i o n  and e x e c u t i o n  and th e  m ain ten ance  o f  th e  data b a s e
f i l e s  a r e  d e s ig n e d  t o  run i n  background mode under a b a t c h
o p e r a t i n g  s y s t e m .
The t e c h n i c a l  e f f o r t  r e q u i r e d  to  implement a f u l l y  
o p e r a t i o n a l  s y s te m  would g r e a t l y  e x ce ed  th e  t im e  and f a c i l i t i e s  
a v a i l a b l e  f o r  p r a c t i c a l  work w i t h  t h i s  s o r t  o f  p r o j e c t .  The 
p r a c t i c a l  work f o r  t h i s  s t a g e  o f  th e  p r o j e c t  was t h e r e f o r e  
d i r e c t e d  towards  th e  im p le m e n ta t i o n  o f  s e l e c t e d  k e y  f e a t u r e s  and 
s e r v e d  t h r e e  main p u r p o s e s :
( 2 )  1 .  To v a l i d a t e  a s p e c t s  o f  th e  c a n d i d a t e ’ s  i d e a s  and s y s t e m
d e s i g n .
2 .  To e x p l o r e  th e  prob lems w i th  d i a l o g u e  c r e a t i o n  and  
program g e n e r a t i o n  u s i n g  th e  macro p r o c e s s o r .




1 . 4  RESULTS AND CONCLUSIONS
A lthough  a f u l l y  o p e r a t i o n a l  system  i s  n eed ed  to  v a l i d a t e  
t h e  p o t e n t i a l  o f  th e  approach a d o p t e d ,  th e  p r o j e c t  shows t h a t  a 
d i a l o g u e  can be c r e a t e d  which can be used  to  g e n e r a t e  COBOL 
programs.  The v a l i d a t i o n  o f  t h e  u s e r ’s r e s p o n s e s  i s  a major  
u n d e r t a k i n g  l e a d i n g  to  a l a r g e  s y s t e m .  Program g e n e r a t i o n  a p p ea rs  
e f f i c i e n t  but  may be o f  even more u s e  to th e  p r o f e s s i o n a l  
programmer than to  th e  c a s u a l  u s e r .  The macro p r o c e s s o r ,  a l t h o u g h  
n o t  an i d e a l  t o o l  f o r  th e  g e n e r a t i o n  o f  COBOL programs, s e r v e d  to  
d i s c o v e r  th e  c h a r a c t e r i s t i c s  o f  an a p p r o p r i a t e  t o o l .  The p r o j e c t  
can e a s i l y  and n a t u r a l l y  be e x te n d e d  i n  many w ays .
1 . 3  OUTLINE OF THESIS •.
The PG/1 macro p r o c e s s o r  and th e  F i l e t a b  s y s t e m  a r e  b r i e f l y  
d e s c r i b e d  i n  Chapter 2 and Chapter  3 d e s c r i b e s  th e  d eve lop m en t  o f  
th e  F i l e t a b  to  COBOL program g e n e r a t o r .  The e x t e n s i o n  o f  macro 
p r o c e s s o r  f a c i l i t i e s  f o r  im p le m e n ta t i o n  i n  th e  PG/2 v e r s i o n  a r e  
d e s c r i b e d  i n  Chapter 4 .
I n  Chapter  5 th e  u s e r  i n t e r f a c e  and th e  deve lopm en t  o f  a 
computer dominated d i a l o g u e  w i th  th e  u s e r  i s  d i s c u s s e d .  Chapter  6 
c o n t a i n s  th e  s p e c i f i c a t i o n  f o r  th e  Data b ase  ty p e  s e l f - t u t o r i a l  
s y s t e m  f o r  th e  COBOL r e p o r t  program g e n e r a t o r .  The im p l e m e n t a t i o n  
o f  s e l e c t e d  f e a t u r e s  o f  th e  s y s te m  i s  d e s c r i b e d  i n  C hapter  ?•  
F i n a l l y ,  i n  Chapter  8 an a p p r a i s a l  o f  what has  been a c h i e v e d  i s  
made and p o i n t e r s  to  a r e a s  which m e r i t  f u r t h e r  s t u d y  a r e  
i d e n t i f i e d .
The c h a p t e r s  a r e  s u p p o r te d  by m a t e r i a l  i n  a number o f  
A p p en d ic es  to  which a p p r o p r i a t e  r e f e r e n c e  i s  made i n  th e  t e x t .




BACKGROUND TO THE PRELIMINARY STUDY
2 . 1  INTRODUCTION
The purpose  o f  t h e  p r e l i m i n a r y  s t u d y  was to  e s t a b l i s h  th e  
f e a s i b i l i t y  o f  g e n e r a t i n g  e f f e c t i v e  COBOL r e p o r t  programs from a 
s p e c i f i c a t i o n  i n  an e x i s t i n g  r e p o r t  g e n e r a t i o n  la n g u a g e  u s i n g  a 
macro p r o c e s s o r .  The p r e l i m i n a r y  s t u d y  was b a s ed  on two e x i s t i n g  
p i e c e s  o f  s o f t w a r e :
1 .  PG/1 Macro P r o c e s s o r  [ 5 ] *
2 .  NCC F i l e t a b  Package [ ? ] .
A s u b s e t  o f  t h e  F i l e t a b  la n gu age  f e a t u r e s  was s e l e c t e d  f o r  
u s e  i n  s p e c i f y i n g  a r e q u e s t  f o r  a r e p o r t .  T h is  e n a b le d  a l l  th e  
e f f o r t  to  be d i r e c t e d  towards  th e  development  o f  macro d e f i n i t i o n s  
f o r  g e n e r a t i n g  th e  COBOL r e p o r t  program.
The f o l l o w i n g  s e c t i o n s  o f  t h i s  C hapter ,  su pp lem en ted  by  
A pp end ices  I and I I ,  aim to  p r o v id e  background i n f o r m a t i o n  about  
th e  s o f t w a r e  u sed  d u r in g  th e  p r e l i m i n a r y  s t u d y .  A nn otated  
exam p les  o f  t h e i r  u s e  a r e  a l s o  i n c l u d e d .
2 . 2  PG/1 MACRO PROCESSOR
2 . 2 . 1  What i s  a Macro P r o c e s s o r ?
A macro p r o c e s s o r  i s  d e s c r i b e d  by Mandil  [ 3 ]  s s  *a s t r i n g  
t r a n s f o r m a t i o n  sy s te m  which  e v a l u a t e s  a s o u r c e  s t r i n g ,  o r  macro 
c a l l ,  to produce an o b j e c t  s t r i n g ' .  The o b j e c t  s t r i n g  form at  i s  
d eterm in e d  from t e x t  p r e v i o u s l y  i n p u t  a s  a macro d e f i n i t i o n ,  which  
c o n s i s t s  o f  a macro name and a macro body c o n t a i n i n g  th e  e x p a n s i o n  
s t r i n g  (Appendix I  S e c t i o n  3 )*  Both th e  macro name and t h e  macro 
body may c o n t a i n  one or  more r e f e r e n c e s  to  dummy p a r a m e t e r s .  A 
macro c a l l  c o n s i s t s  o f  a p r e v i o u s l y  d e f i n e d  macro name w hich  may 
i n c o r p o r a t e  one or  more a c t u a l  p a r a m e te r s .  When a macro c a l l  i s
oo
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e v a l u a t e d  i t  i s  r e p l a c e d  by  t h e  e x p a n s i o n  s t r i n g  w i t h  a n y  a c t u a l  
c a l l  p a r a m e t e r s  r e p l a c i n g  dummy p a r a m e t e r s  i n  t h e  macro  body  
( A p p e n d ix  I  S e c t i o n  4 ) .
2 . 2 . 2  Macro P r o c e s s o r  f e a t u r e s  •
The g e n e r a l  f e a t u r e s  o f  a macro  p r o c e s s o r  may be c o n s i d e r e d  
u n d e r  f i v e  main  h e a d i n g s :
1 .  E n v i ro n m e n t
2 .  S y n t a x
3* E v a l u a t i o n  o f  Macro c a l l s
4 .  M a c r o - t i m e  f a c i l i t i e s
3 .  I m p l e m e n t s t i o n  m e th o d s
The e n v i r o n m e n t  i n  w h ich  a macro p r o c e s s o r  i s  embedded i s  
d e t e r m i n e d  by  t h e  l a n g u a g e  i n t o  w h ich  t h e  macro  p r o c e s s o r  maps
i . e .  i t s  b a s e  l a n g u a g e .  A s p e c i a l - p u r p o s e  macro  p r o c e s s o r  i s  
one t h a t  i s  a p p l i c a b l e  o n l y  t o  a s i n g l e  b a s e  l a n g u a g e  w h e r e a s  a 
g e n e r a l - p u r p o s e  macro  p r o c e s s o r  i s  one t h a t  i s  a p p l i c a b l e  t o  a 
w ide  r a n g e  o f  b a s e  l a n g u a g e s .
The s y n t a x  o f  t h e  macro  p r o c e s s o r  g o v e r n s  t h e  fo rm  o f  macro  
name,  f o r m a l  p a r a m e t e r s ,  r e p l a c e m e n t  body  a n d  macro c a l l s .  The 
s y n t a x  o f  t h e  l a t t e r  i s  o f  m o s t  i m p o r t a n c e  b e c a u s e  i t  i n f l u e n c e s  
t h e  c o n v e n i e n c e  o f  u s e  a n d  t h e  r a n g e  o f  a p p l i c a t i o n s  o f  t h e  macro  
p r o c e s s o r .
T h e re  a r e  two ways i n  w h ich  macro c a l l s ,  an d  i n  p a r t i c u l a r  
n e s t e d  macro  c a l l s ,  can  be e v a l u a t e d .  I n  ’ c a l l  by  v a l u e ’ , t h e  
n e s t e d  c a l l  i s  e v a l u a t e d  i m m e d i a t e l y  i t  i s  e n c o u n t e r e d  an d  
r e p l a c e d  by  i t s  v a l u e .  I n  ' c a l l  b y  n a m e ’ , t h e  o u t e r  c a l l  i s  f u l l y  
e x p a n d e d  f i r s t .
The m a c r o - t i m e  f a c i l i t i e s  c o n s t i t u t e  t h e  p ro g ra m m in g  
l a n g u a g e  o f  t h e  macro  p r o c e s s o r .  They a r e  m a i n l y  i n s t r u c t i o n s  
t h a t  d e f i n e  an d  m a n i p u l a t e  t h e  m a c r o - t i m e  e n t i t i e s  an d  o c c u r  a s
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s t a t e m e n t s  w i t h i n  t h e  macro  b o d y .
T h r e e  c o n s i d e r a t i o n s  a r e  f u n d a m e n t a l  t o  t h e  i m p l e m e n t a t i o n  
m e th o d s  o f  a macro  p r o c e s s o r :
1.  The number o f  t i m e s  t h e  s o u r c e  t e x t  i s  s c a n n e d .
2 .  The way i n  w h ich  m a c r o - t i m e  s t a t e m e n t s  a r e  h a n d l e d .
3 .  The s t o r a g e  o f  t e x t  by  means o f  a s t a c k  o r  t h e  u s e  o f  
a l i s t  s t r u c t u r e .
2 . 2 . 3  P r i n c i p a l  f e a t u r e s  o f  PG/1
The PG/1 g e n e r a l - p u r p o s e  macro p r o c e s s o r  i s  a s u c c e s s o r  
t o  t h e  MP/1 macro p r o c e s s o r  [ 6] ,  w h ich  h a s  t h e  f o l l o w i n g  
p r o p e r t i e s :
1 .  Macro c a l l  a r e  a c c e p t a b l e  i n  c e r t a i n  c o n t e x t s  o n l y  and 
macro  name r e c o g n i t i o n  i s  t h e n  c a r r i e d  o u t  c h a r a c t e r  by  c h a r a c t e r .
2 .  N e s t e d  macro c a l l s  a r e  e v a l u a t e d  i m m e d i a t e l y  t h e y  a r e  
e n c o u n t e r e d .
3 . N e s t e d  macro d e f i n i t i o n s  and  d e f i n i t i o n s  v / i t h i n  macro 
c a l l s  a r e  n o t  p e r m i t t e d . .
4 .  M a c r o - t i m e  s t a t e m e n t s  a r e  p r e - c o m p i l e d .
5 .  T ex t  s t o r a g e  i s  i n  a s t a c k - b a s e d  s t r u c t u r e .
( 2 )  6 . One p a s s  i s  made o v e r  t h e  s o u r c e  t e x t .
7 .  S p e c i a l  w a r n i n g  m a r k e r s  a r e  e m p lo y e d .
The MP/1 macro  p r o c e s s o r  was b i a s e d  t o w a r d s  FORTRAN, b u t  t h e  
e n h a n c e m e n t s  p r o v i d e d  i n  t h e  PG/1 v e r s i o n  by  means  o f  m a c r o - t i m e  
f a c i l i t i e s  t e n d e d  t o  remove  t h e  b i a s  an d  make PG/1 s u i t a b l e  f o r  
t h e  g e n e r a t i o n  o f  COBOL. The new m a c r o - t i m e  f a c i l i t i e s  p r o v i d e d  
b y  t h e  PG/1 macro p r o c e s s o r  i n c l u d e :
1.  The a b i l i t y  t o  w r i t e  m e s s a g e s  t o  t h e  u s e r ,  r e a d  
m e s s a g e s  i n p u t  by  t h e  u s e r ,  c o n s t r u c t  o u t p u t  m e s s a g e s  a n d  a n a l y s e  
i n p u t  m e s s a g e s .
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2 .  Symbol and c h a r a c t e r  m a n i p u l a t i o n .  T h is  i n v o l v e s  th e  
c r e a t i o n  o f  a few m a cro - t im e  s t a c k s  and a s s o c i a t e d  m acro - t im e  
s t a t e m e n t s .
3 .  The c r e a t i o n  o f  f a c i l i t i e s  which a l l o w  th e  r e p e t i t i v e  
u s e  o f  a group o f  m a cro - t im e  s t a t e m e n t s  w i th  a p r o v i s i o n  f o r  them
to  be d y n a m ic a l l y  p a r a m e t i z e d .
2 . 2 . 4  Minor m o d i f i c a t i o n s  to  th e  PG/1 macro p r o c e s s o r
At th e  o u t s e t  o f  t h i s  p r o j e c t  i t  became a p p a ren t  t h a t  t h r e e  
minor m o d i f i c a t i o n s  to  th e  e x i s t i n g  PG/1 p r o c e s s o r  would be  
ad v a n ta g e o u s  f o r  th e  p u r p o se s  o f  g e n e r a t i n g  COBOL s t a t e m e n t s  from 
F i l e t a b  d i r e c t i v e s .
1 .  A d d i t i o n a l  l o n g  s t r i n g  v a r i a b l e s  would be r e q u i r e d  so  
t h e  number a v a i l a b l e  was i n c r e a s e d  from t h r e e  to  t e n .
2 .  The maximum l e n g t h  o f  a s t r i n g  v a r i a b l e  s h o u l d  be  
i n c r e a s e d  from 60 to  72 c h a r a c t e r s  so t h a t  i t  c o u ld  s t o r e  a l l  th e  
c h a r a c t e r s  i n  e i t h e r  th e  i n p u t  or  o u tp u t  b u f f e r .
3 .  The FORTRAN c o n v e n t i o n  o f  c h a r a c t e r  s i x  i n  a s t a t e m e n t  
a s  a c o n t i n u a t i o n  marker f o r  m a cro - t im e  s t a t e m e n t s  r e q u i r i n g  more 
than one, l i n e  was s u s p e n d e d ,  b e c a u s e  i t  i n t e r f e r r e d  w i t h  t h e
( 2 )  g e n e r a t i o n  o f  s t a t e m e n t s  c o n t a i n i n g  c h a r a c t e r s  i n  t h e  s i x t h
p o s i t i o n .
The above  m o d i f i c a t i o n s  were t h e r e f o r e  i n c o r p o r a t e d  i n  th e  
v e r s i o n  o f  th e  PG/1 macro p r o c e s s o r  u sed  f o r  t h e  p r e l i m i n a r y  
i n v e s t i g a t i o n ,  whose f a c i l i t i e s  a r e  d e s c r i b e d  i n  Appendix  I  and  
i l l u s t r a t e d  i n  th e  f o l l o w i n g  s u b s e c t i o n .
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T h is  example shows th e  s t a t e m e n t s  f o r  f i l i n g  th e  d e f i n i t i o n  
o f  macro FILECHECK i n  t h e  TESTRUN s u b f i l e  and then  e x e c u t i n g  th e  
FILECHECK macro .  The macro i t s e l f  r e q u e s t s  i n p u t  from t h e  u s e r  
and g e n e r a t e s  two o u t p u t  r e c o r d s  which a re  appended to  t h e  








I n i t i a l i s e  the  PG/1 sy s te m  
(Appendix  1 S e c t i o n  6 .1  
and 6 . 2 )
Cause a l l  s u b s e q u e n t  
s t a t e m e n t s  up to  but  
e x c l u d i n g  th e  one  
c o n t a i n i n g  the  8 % 
c h a r a c t e r s  to  be s t o r e d  a t  
th e  b e g i n n i n g  o f  t h e  
TESTRUN s u b f i l e .
(Appendix  I  S e c t i o n  6 . 3 )
D e f in e  t h e  macro named 
FILECHECK. The f o l l o w i n g  
s t a t e m e n t s  up to  %END form 
th e  macro body.
(Appendix  I  S e c t i o n  3 )
Read a r e c o r d  i n t o  th e  
PG/1 i n p u t  b u f f e r .  
(Appendix  I  S e c t i o n  7*1?)
E x t r a c t  th e  f i r s t  f i v e  
c h a r a c t e r s  o f  th e  i n p u t  
b u f f e r  i n t o  l o c a l  v a r i a b l e  
; ^ V 1 .
(Appendix  I  S e c t i o n  7*4)
T e s t  i f  th e  c o n t e n t s  o f  
//LY^ i s  eq u a l  to  *FILE and  
i f  so  p a s s  c o n t r o l  to  th e  
s t a t e m e n t  l a b e l l e d  2 .  
(Appendix  I S e c t i o n  3)
CALLC0PY(1,INVALIDS?^*FILI^^REC0RD) S e t  up e r r o r  m essage  i n
th e  f i r s t  20 c h a r a c t e r s  o f  
th e  PG/1 o u t p u t  b u f f e r .  
(Appendix  I S e c t i o n  7*5)
READ
CALLFSTR(;^V1,1,5)
IF ;^V1.EQ. **FILE',GOTO 2
WRITE V/rite ou t  th e  e r r o r  
m essage  from th e  o u t p u t  
b u f f e r .






CALLFSTR(;^V3 ,1 4 ,4 )
Pass c o n tr o l back to  the  
sta tem en t w ith  la b e l  1 . 
(Appendix I S e c t io n  7 .1 1 )
E xtract 8 c h a r a c te r s  from 
th e in p u t b u ffe r  in t o  
l o c a l  v a r ia b le  / lV 2  
s t a r t in g  a t  p o s i t io n  6 o f  
th e  b u f fe r .
(Appendix I S e c t io n  7*4)
E x tra ct th e n ext fou r  
ch a r a c ter s  in to  l o c a l  
v a r ia b le
(Appendix I S e c t io n  7*4)
FD TESTFILE LABEL RECORD STANDARD G enerate two exp an sion  
VALUE OF ID »';^V2;^V3" tim e s ta te m e n ts .








End o f  macro d e f in i t io n  
(Appendix I S e c t io n  3 )
D e lim ite r  fo r  %FILE 
s ta te m e n t•
(Appendix I S e c t io n  6 . 3 )
Load and v a l id a te  th e  
c o n te n ts  o f  th e TESTRUN 
s u b f i l e  which c o n ta in s  th e  
macro FILECHECK.
(Appendix I S e c t io n  6 . 7 )
C a ll th e  FILECHECK macro 
(Appendix I S e c t io n  4)
R equest in p u t reco rd  from 
the u s e r .
Term inate e v a lu a t io n  and 
append th e  g en era ted  
sta te m e n ts  to  th e  )
COBOLPROG s u b f i l e .  
(Appendix I S e c t io n  6 .3  
and 6 .1 1)
Term inate PG/1 macro 
p r o c esso r  run.
(Appendix I S e c t io n  6 . 4 )
When expanded th e s ta te m e n ts  gen erated  and appended to  th e
COBOLPROG s u b f i l e  w i l l  be a s  fo l lo w s :
FD TESTFILE LABEL RECORD STANDARD 




This example shows the  s ta tem en ts  fo r  d e f in in g  and e x e c u t in g
th e  INSERT macro which i n s e r t s  the ch a ra cter  su p p lie d  a s  an
argument in t o  th re e  g en era ted  exp an sion -t im e  s ta te m e n ts .
9^ MACR0. I n i t i a l i s e  the PG/1 system ,
%BEGIN (Appendix  I  S e c t i o n s  6 .1  and 6 . 2 )
%DEF INSERT©© D efin e  the INSERT macro w ith  one
argument. (Appendix I S e c t io n  3 )
@1@FILE,0,GR0WFILEy* Generate th ree  ex p a n s io n -t im e
@1©DEF GROWMACRO sta te m e n ts  which c o n ta in  the macro
@1© LABELOFF argument. (Appendix I S e c t io n  5)
%END End o f  INSERT macro d e f i n i t i o n .
(Appendix I S e c t io n  3)
% INSERT^ C a l l  the INSERT macro u s in g  % b b  the
argument c h a r a c te r .
(Appendix  I S e c t i o n  4 )
END Terminate  e v a l u a t i o n  and p r i n t  th e
%PRINT " g e n e r a t e d  s t a t e m e n t s  on th e  u s e r ' s
output d e v ic e .
(Appendix  I S e c t i o n s  6 . 3  and 6 . 1 1 )
^FINISH Terminate the PG/1 macro p r o c e s so r  run.
' (A ppendix  I  S e c t i o n  6 . 4 )




PG/1 pu ts  th e  i te m s  gen era ted  in t o  a b u f fe r  u n t i l  th e  run 




2 . 3  FILETAB 
2 . 3*1 I n t r o d u c t i o n
Report  w r i t e r  programs a re  d e s ig n e d  to  p r i n t  o u t  an a n a l y s i s  
o f  data  l o c a t e d  on one or more f i l e s .  The data  w i l l  u s u a l l y  be i n  
some s e q u e n c e  o f  k e y s  and th e  r e p o r t  w i l l  c o n s i s t  o f  t o t a l s  or  
a n a l y s e s  performed on v a r i o u s  groups  o f  data r e c o r d s ,  each  
a n a l y s i s  or t o t a l  b e i n g  produced when a k ey  change o c c u r s .  As 
i n p u t  to  th e  r e p o r t  program th e  u s e r  s p e c i f i e s  the  format  o f  th e  
f i l e s  c o n c e r n e d ,  th e  d e t a i l s  o f  th e  format  and c o n t e n t s  o f  th e  
p r i n t e d  r e p o r t  and any r u l e s  f o r  c r e a t i n g  t o t a l s  e t c .  Report  
w r i t e r  programs a r e  u s u a l l y  a p p l i e d  to  r e l a t i v e l y  l o n g  runs  o f  
r e l a t i v e l y  s t r a i g h t  forw ard  data  p r o c e s s i n g .
2 . 3*2 F e a t u r e s  o f  F i l e t a b
The NCC F i l e t a b  sys te m  i s  a g e n e r a l  purpose  t a b u l a t o r  and 
r e p o r t  p r i n t i n g  s y s t e m .  I t  i s  d e s i g n e d  to  be such  t h a t  
n o n - t e c h n i c a l  s t a f f  w i t h  no programming knowledge may s p e c i f y  th e  
r e q u i r e d  r e p o r t .
A l l  u s e r  r e q u ir e m e n t s  i n c l u d i n g  th e  format  o f  o u t p u t  r e c o r d s  
a r e  s p e c i f i e d  by means o f  d i r e c t i v e  and parameter  r e c o r d s .  A 
s i n g l e  c h a r a c t e r  i s  u s e d  to  i d e n t i f y  t h e  way i n  which  a data  f i e l d  
i s  p r o c e s s e d  by th e  s y s t e m  and a l s o  s e r v e s  to  i d e n t i f y  th e  c o n t e n t s  
o f  -the data  f i e l d  i n  s u b s e q u e n t  p a r a m e t e r s .  The F i l e t a b  s y s t e m  i s  
e s s e n t i a l l y  an i n t e r p r e t e r  i n  t h a t  i t  r e a d s  t h e  parameter  r e c o r d s ,  
t r a n s l a t e s  them i n t o  an a p p r o p r i a t e  i n t e r n a l  la n g u a g e  and th en  
e x e c u t e s  th e  i n t e r n a l  program one s t e p  a t  a t i m e .
The F i l e t a b  s y s te m  a c c e p t s  data  from i n p u t  f i l e s  on c a r d s ,  
m a g n e t ic  ta p e  and d i s c  f o r  s e r i a l  p r o c e s s i n g .  Only th e  f i e l d s  
i n  t h e  i n p u t  data f i l e s  r e q u i r e d  i n  th e  o u t p u t  need  be i d e n t i f i e d  
to  t h e  s y s t e m .  The f e a t u r e s  a v a i l a b l e  p erm it  th e  u s e r  to  
a c c u m u la te  and p r i n t  d e c i m a l ,  b i n a r y  and s t e r l i n g  f i e l d s  and
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in fo rm a tio n  from any f i e l d  may be tr a n s fe r r e d  to the  output r e p o r t .
The param eters d e f in in g  the  rep o rt  a l lo w  the  u ser  to  s p e c i f y
a s im p le  l i s t  o f  one or more p r in t  l i n e s  per record  w ith  t o t a l s  a t
c o n tr o l  changes . A l t e r n a t i v e l y  a ' t o t a l s  o n ly '  ta b u la t io n  o f
p r in t in g  when c o n tr o l  changes occur may be r e q u e s te d .  The page
la y o u t  may in c lu d e  a rep o rt  t i t l e ,  page heading  and c o n tr o l  break
h e a d in g s .  The page number, cu rren t date and t im e ,  d e s c r i p t i v e
l i t e r a l s  and any in p u t f i e l d  may appear in  an output l i n e  or  
h ea d in g . Where d e s ir e d  f i e l d s  may be e d i t e d .
The f u l l  F i l e t a b  f a c i l i t i e s  are very  com prehensive but the
program may be used a t  two l e v e l s  o f  co m p le x ity .  The low er l e v e l
p erm its  a com plete data f i l e  to  be p rocessed  in  order to  produce a
r e p o r t .  At the h ig h er  l e v e l ,  reco rd s  may be s e l e c t e d ,  a d d i t i o n a l
p r o c e s s in g  s p e c i f i e d  and su b s id u ary  f i l e s  in p u t  an d /or  c r e a t e d .
T his  h ig h er  l e v e l  p r o c e s s in g  i s  s p e c i f i e d  in  th e  form o f  d e c i s i o n
ta b le  d i r e c t i v e s  which may be en tered  a t  f i v e  so c a l l e d  d e c i s i o n
p o in t s  in  the  p r o c e s s in g ,  e . g .  im m ediate ly  a f t e r  rea d in g  a record
from the main in p u t  data f i l e ,  b e fo r e  p r in t in g  a l i n e  o f  o u tp u t .
The F i le t a b  d i r e c t i v e s  are  w r i t t e n  in  f r e e  format and may 
c o n ta in  s p e c i a l  i tem s  o f  in fo rm a tio n  c a l l e d  param eters which are  
2 2  sep a ra ted  by v i s i b l e  s p a c e s .  Many o f  the operands are  o p t io n a l
and some d i r e c t i v e s  may be o m itted  from the s e t .  Where operands  





2 . 3.3  S e le c t e d  f e a t u r e s
For  t h e  p urp ose  o f  t h i s  s t u d y  a s u b s e t  o f  t h e  lo w er  l e v e l  
F i l e t a b  f a c i l i t i e s  were s e l e c t e d  f o r  i m p l e m e n ta t i o n ,  s u f f i c i e n t  
to  p r o v i d e  th e  u s e r  w i t h  a s im p le  f l e x i b l e  and u s e f u l  r e p o r t  
w r i t i n g  t o o l .
Of t h e  F i l e t a b  f e a t u r e s  a v a i l a b l e  o n l y  t h o s e  c o n c e r n e d  w i th  
t h e  s p e c i f i c a t i o n  o f  a Main data  f i l e  and th e  s i m p l e r - o p t i o n s  o f  
t h e  Report  format s p e c i f i c a t i o n  were c o n s i d e r e d .  The F i l e t a b  
d i r e c t i v e  s t a t e m e n t s  f o r  t h e s e  l i m i t e d  f e a t u r e s  p r o v i d e  a d e q u a te  
i n f o r m a t i o n  from which  a c o m p le te  COBOL r e p o r t  program can be  
g e n e r a t e d .  A l th ou gh  t h e  u s e  o f  a u x i l i a r y  Input  and Output f i l e s ,  
Data S e l e c t i o n  a n d /o r  E d i t i n g  and M i s c e l l a n e o u s  F i l e t a b  o p t i o n s  
were e x c l u d e d  from th e  p r e l i m i n a r y  s t u d y  i n v e s t i g a t i o n s ,  some a r e  
co v e r e d  i n  t h e  l a t e r  p a r t  o f  th e  p r o j e c t  (C hap ter  5 ) .
F i l e t a b  d i r e c t i v e s  may have  e i t h e r  th e  * or  th e  / s y m b o l  a s  
th e  f i r s t  c h a r a c t e r ,  b u t ,  f o r  t h i s  s t u d y ,  o n l y  * v/as p e r m i t t e d .
O p t io n s  from t h e  f o l l o w i n g  F i l e t a b  d i r e c t i v e s  were s e l e c t e d  
f o r  im p le m e n ta t i o n :
*FILE (Appendix  I I  S e c t i o n  3 . 1 )  .
*INL (Appendix  I I  S e c t i o n  3 . 2 )
■"TITLE (Appendix  I I  S e c t i o n  3 . 3 )
. ’"HEAD (Appendix  I I  S e c t i o n  3 . 4 )
*OUT (A ppendix  I I  S e c t i o n  3 . 3 )
* comment (Appendix  I I  S e c t i o n  3 . 6 )
‘GO (Appendix  I I  S e c t i o n  3 . 7 )
A i n p u t  se q u e n c e  f o r  F i l e t a b  d i r e c t i v e s  i s  l a i d  down b u t ,  
a s  i n  t h i s  s t u d y  e r r o r  h a n d l i n g  was m in im al ,  t h e  i n p u t  o r d e r  was 
r e l a x e d  s a v e  t h a t  t h e  ""GO d i r e c t i v e  had to  be t h e  l a s t  d i r e c t i v e  
f o r  a ru n .
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At t h i s  s ta g e  in  the  p r o je c t  program o f  work o n ly  the t r a n s la t io n  
p r o c e s s  i t s e l f  was o f  i n t e r e s t ,  so the i n v e s t i g a t i o n  was l im i t e d  
to  s e e  how v a l id  s ta te m e n ts  cou ld  be used to g e n era te  a COBOL 
program. Error ch eck in g  and th e  han dlin g  o f  i n v a l i d  u ser  
s ta te m e n ts  are  s tu d ie d  l a t e r  in  the  p r o j e c t .
In t h i s  s tu d y  d e f a u l t  v a lu e s  fo r  some m is s in g  param eters in  
th e  F i l e t a b  d i r e c t i v e  were assumed, but no a ttem p t to s e t  d e f a u l t  
 ^ v a lu e s  fo r  m is s in g  d i r e c t i v e s  a s  a whole was made.
In Appendix I I  o n ly  th o se  F i le t a b  language f e a t u r e s  s e l e c t e d  
fo r  im plem entation  in  t h i s  s tu d y  are  d e s c r ib e d .  The number and 
ranges  o f  param eters which may be used for  s p e c i f i c  pu rp oses  have 
O  i n  some c a s e s  been r e s t r i c t e d  below th ose  norm ally  a v a i l a b l e  in
F i l e t a b .  F u l l  d e t a i l s  o f  a l l  F i l e t a b  f a c i l i t i e s  are  to  be found  
in  th e  a p p ro p r ia te  NCC manual [ ? ] .
2 . 3 . 4  A sample o f  F i l e t a b
The way in  which F i l e t a b  d i r e c t i v e s  are  used  to  s p e c i f y  a 
r e p o r t  i s  shown in  the  f o l lo w in g  example where i t  i s  d e s ir e d  to  
r ea d , e x t r a c t ,  t o t a l  and p r in t  data from a f i l e  on m agnetic  tape  
named STORES-DATA.
( 2 )  The key f i e l d  p o s i t i o n s  in  each record  o f  the  f i l e  i n  major
to  minor key order occupy p o s i t i o n s  0 to 1 , 2 to 5 and 6 
r e s p e c t i v e l y .  In a d d i t io n  to  th e s e  i te m s ,  th e  d e s c r ip t io n  data  
from p o s i t i o n s  7 to  l8  o f  each record  i s  to  be p r in t e d ,  w h i le  the  
q u a n t ity  data which o c c u p ie s  p o s i t i o n s  20 to 22 i s  to  be both  
accum ulated and p r in t e d .  The record  format i l l u s t r a t e d  below  
shows the  f i e l d  s p e c i f i c a t i o n  c h a ra cter  a s s ig n e d  to  each r e p o r t  









F igu re  2 .1  Report la y o u t  fo r  F i l e t a b  sample
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N M [L [ A
'1 20 22 
A
Sequence k ey s  
CONTROL 
f i e l d s
Item d e s c r ip t io n  
TRANSFER 
f i e l d s
Q uan tity
TOTALLING
f i e l d
O
o
F igure  2 .1  i l l u s t r a t e s  the  la y o u t  o f  th e  d e s ir e d  r e p o r t ,  
which i s  to  have a t i t l e  and have the  l i n e s  o f  the  ou tp u t l i s t i n g  
sep a ra ted  by c o n t r o l  break head in gs  and t o t a l l i n g  l i n e s .  The 
l a t t e r  two ty p es  o f  ou tp u t are  p r in te d  when a sequence break  
(Appendix I I  S e c t io n  1) in  the in p u t  data fo r  a non-minor key  
f i e l d  i s  d e t e c t e d .  The t o t a l l i n g  l i n e s  co n ta in  the accum ulated  
t o t a l s  fo r  the data p r io r  to  the  sequence break and the  c o n t r o l  
break h ead in gs p rov id e  the head in gs  fo r  the data reco rd s  f o l l o w in g  
the sequence break . The n o t e s  a t  the  r ig h t  hand s id e  o f  the  
f ig u r e  i n d ic a t e  which rep o r t  l i n e s  are  s p e c i f i e d  by which F i l e t a b  
d i r e c t i v e .
The F i l e t a b  d i r e c t i v e s  fo r  producing th e  r ep o rt  are  shown
below:
*FILE MT STORES-DATA 
♦INL





♦HEAD N 1 ,1
CLASS QUANTITY
♦OUT L 1,1
NN MMMML AAAAAAAAAAAA. 111 %
♦OUT M 1 ,3
'SUB-TOTAL* 1111111




The *FILE d i r e c t i v e  s p e c i f i e s  th a t  the STORES-DATA f i l e  i s
on m agnetic  ta p e .  The param eters o f  the *INL d i r e c t i v e  r e l a t e  the
f i e l d  s p e c i f y in g  c h a r a c te r s  to  th e  a c t u a l  p o s i t i o n  o f  the f i e l d
w ith in  the  r e c o r d .  A l l  the f i e l d s  in  the example are  s p e c i f i e d
u s in g  the  s t a r t  p o s i t i o n  and le n g th  in fo rm a tio n .
The *TITLE d i r e c t i v e  s p e c i f i e s  the l i n e  s p a c in g  b e fo r e  and
a f t e r  the rep o rt  t i t l e  l i n e .  The t e x t  and p o s i t i o n  o f  the  t i t l e
w ith in  the  p r in t  l i n e  are  in d ic a t e d  by th e  c o n te n t s  o f  the
f o l lo w in g  parameter r e c o r d .  The headings to  be output fo r  each
new va lu e  o f  the M and N c o n tr o l  f i e l d s  are  s p e c i f i e d  by th e
♦HEAD M and *HEAD N d i r e c t i v e s .  Their format and parameter
reco rd s  are  s im i la r  to  th a t  used fo r  the ♦TITLE d i r e c t i v e .  In
t h i s  example both h ead in gs  c o n ta in  o n ly  t e x t  in fo r m a t io n .
The format fo r  l i s t i n g  the in p u t data i s  s p e c i f i e d  by th e  
♦OUT L d i r e c t i v e  and i t s  f o l lo w in g  parameter r e c o r d .  Again th e  
d i r e c t i v e  record  s p e c i f i e s  d e t a i l s  o f  the l i n e  sp a c in g  b e fo r e  and 
a f t e r  the  p r in t  l i n e .  The f i e l d  s p e c i f y in g  c h a r a c te r s  in  th e  
parameter record  i n d i c a t e  both the  f i e l d  to  be p r in te d  and th e
a c t u a l  p o s i t i o n s  i t  i s  to  occupy. In t h i s  example th e  in p u t  data
i s  l i s t e d  w ith out any a d d i t io n a l  t e x t .
The ♦OUT M and ♦OUT N d i r e c t i v e s  s p e c i f y  th e  format o f  
t o t a l l i n g  output to  be p r in te d  when a change in  th e  in p u t  v a lu e  o f  
th e  M and N c o n tr o l  f i e l d s ,  r e s p e c t i v e l y ,  a re  d e t e c t e d .  The 
d i r e c t i v e  record i n d i c a t e s  the, l i n e  sp a c in g  req u ired  b e fo r e  and 
a f t e r  the  p r in t  l i n e ,  whose format i s  s p e c i f i e d  in  the  f o l l o w i n g  
parameter r eco rd . The t o t a l l i n g  f i e l d  s p e c i f i e r  in  the  parameter  
record  in d i c a t e s  the p r in t  p o s i t i o n s  to  be o ccu p ied  by the  
accum ulated t o t a l .  In t h i s  example the t o t a l s  a t  each c o n t r o l  
l e v e l  are  accompanied by t e x t  in fo rm a tio n .  The l a t t e r  i s  coded  
in  the  d e s ir e d  p r in t  p o s i t i o n s  and en c lo sed  in  q u o ta t io n  marks 
which do n ot appear in  th e  p r in te d  r e p o r t .
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The end o f  the F i l e t a b  s p e c i f i c a t i o n  i s  in d ic a t e d  by th e  





DEVELOPMENT OF A FILETAB TO COBOL PROGRAM GENERATOR
3 .1  INTRODUCTION
This ch a p ter ,  supplem ented by the m a t e r ia l  in  Appendix I I I ,  
d e s c r ib e s  the  development o f  a F i l e t a b  to COBOL program g en era to r  
u s in g  th e  PG/1 macro p r o c e s s o r .  The d e s c r ip t io n  co v er s  the  
fo l lo w in g  main t o p ic s :
1 .  The i n i t i a l  approach to  the  problem by th e  a n a l y s i s  o f  
in fo rm a tio n  co n ta in ed  in  F i l e t a b  d i r e c t i v e s  and i t s  r e l a t i o n  to  
th e  d i v i s i o n s  o f  th e  COBOL program.
( 2 )  2 .  The problems o f  s t o r in g  and seq u en c in g  the  gen era ted
COBOL s ta te m e n ts .
3* The ad o p tio n  o f  a th ree  phase approach fo r  th e  d es ig n  o f  
th e  system  to  g e n era te  and s y n t h e s iz e  a com plete  COBOL program.
4 .  The break-down o f  a F i l e t a b  d i r e c t i v e  in t o  COBOL 
s ta te m e n ts  u s in g  th e  *INL d i r e c t i v e  as  an exam ple.
5* The macro p r o c e s s in g  o f  F i l e t a b  d i r e c t i v e s  in c lu d in g  
th e  i d e n t i f i c a t i o n  o f  the  d i r e c t i v e ,  the i n i t i a l i s a t i o n  p r o c e s s in g  
and an example o f  parameter p r o c e s s in g  based on th e  *INL 
d i r e c t i v e .
6 .  An assessm en t o f  th e  F i l e t a b  to COBOL g en era to r  in  terms  
o f  th e  q u a l i t y  o f  th e  program g e n e ra ted ,  th e  in f lu e n c e  o f  th e  
problem s p e c i f y i n g  language and the  l i m i t a t i o n s  o f  the  macro 
p r o c e s s o r .
The chapter  ends w ith  a summary, a p p r a is a l  and c o n c lu s io n s .
O
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F ig u re  3*1 C o n tr ib u tio n s  by F i l e t a b  d i r e c t i v e s  to  COBOL 




3 . 2  INITIAL APPROACH
The a p p r o a c h  t o  t h e  p r o b le m  o f  g e n e r a t i n g  a COBOL p ro g ra m  
from t h e  i n f o r m a t i o n  s u p p l i e d  by  F i l e t a b  d i r e c t i v e s  was i n f l u e n c e d  
b y  two f a c t o r s .  F i r s t  t h e  n e e d  to  make b e s t  u s e  o f  t h e  PG/1 macro  
p r o c e s s o r  f a c i l i t i e s ,  a n d  s e c o n d l y  t h e  d e s i r e  t o  g e n e r a t e  COBOL 
s t a t e m e n t s  w h ich  c o u l d  be  s t r u c t u r e d  i n t o  a n  e f f i c i e n t  p r o g r a m .
S i n c e  COBOL p r o g r a m s  a r e  d i v i d e d  i n t o  f o u r  d i v i s i o n s ,  v i z  
I d e n t i f i c a t i o n ,  E n v i r o n m e n t ,  Data and  P r o c e d u r e ,  i t  was f i r s t  
n e c e s s a r y  t o  a n a l y s e  t h e  v a r i o u s  F i l e t a b  d i r e c t i v e s  i n  o r d e r  t o  
s e e  how t h e  i n f o r m a t i o n  t h e y  p r o v i d e  r e l a t e s  t o  t h e  f o u r  COBOL 
d i v i s i o n s .  As shown i n  F i g u r e  3 * 1 ,  e ac h  F i l e t a b  d i r e c t i v e  and  i t s  
a s s o c i a t e d  p a r a m e t e r s  p r o v i d e s  i n f o r m a t i o n  r e q u i r e d  t o  g e n e r a t e  
s t a t e m e n t s  i n  two o r  more  d i v i s i o n s  o f  a COBOL p r o g r a m .
A more d e t a i l e d  a n a l y s i s  o f  F i l e t a b  s t a t e m e n t s  r e v e a l e d  t h a t  
t h e  i n f o r m a t i o n  f rom  one  d i r e c t i v e  can  i n f l u e n c e  t h e  c o n t e n t s  o f  
s e v e r a l  p a r a g r a p h s  w i t h i n  t h e  P r o c e d u r e  d i v i s i o n .  I t  i s  n o t  
t h e r e f o r e  p o s s i b l e  t o  g e n e r a t e  t h e  COBOL s t a t e m e n t s  i n  t h e  o r d e r  
i n  w h ich  t h e y  a r e  r e q u i r e d  i n  t h e  p r o g r a m .  Some m e chan ism  f o r  
s t o r i n g  a n d  o r d e r i n g  t h e  g e n e r a t e d  s t a t e m e n t s  h a s  t o  be  f o u n d .
The s o l u t i o n  o f  t h e s e  m a j o r  p r o b l e m s  g r e a t l y  i n f l u e n c e d  t h e  d e s i g n  
o f  t h e  F i l e t a b  t o  COBOL p ro g ra m  g e n e r a t o r .
3 . 3  STORING AND SEQUENCING GENERATED COBOL STATEMENTS
I n  t h i s  s e c t i o n  s o l u t i o n s  t o  t h e  p r o b l e m s  o f  s t o r i n g  an d
s e q u e n c i n g  t h e  g e n e r a t e d  COBOL s t a t e m e n t s  u s i n g  t h e  PG/1 macro  
p r o c e s s o r  f a c i l i t i e s  a r e  d i s c u s s e d .  A l t h o u g h  t h e  f o l l o w i n g  f o u r  
s o l u t i o n s  were  c o n s i d e r e d ,  o n l y  t h e  l a s t  was r e g a r d e d  a s  b e i n g  
p r a  c t i c a l :
1 .  Use o f  S A V E -b lo c k s .
2 .  Use o f  %SA VE  a n d  %LOAD.
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3* The th ree  phase system  u s in g  data s u b f i l e s .
4 .  The th re e  phase system  u s in g  'grown’ macros.
3 .3 . 1  Use o f  SAVE-blocks
The PG/1 m acro-tim e s ta te m e n ts  SAVE, ENDSAVE and COPY were 
f i r s t  co n s id ered  a s  a means o f  p ro v id in g  temporary in te r m e d ia te  
s to r a g e  fo r  the gen era ted  COBOL sta tem en ts  by the  use o f  
SAVE-blocks (Appendix I S e c t io n s  7 .7»  7 .9  and 7 . 2 1 ) .  They were, 
however, r e j e c t e d  because  w ith  the e x i s t i n g  p r o c esso r  i t  i s  not  
p o s s ib le  to append data to  th a t  a lr ea d y  in  an e x i s t i n g  SAVE-block.
^2) A new SAVE-block would th e r e fo r e  be req u ired  each time a gen era ted
COBOL sta tem en t was not d e s t in e d  to fo l lo w  s e q u e n t i a l l y  a f t e r  i t s
p r e d e c e s so r .  This would le a d  to  unw ieldy p r o c e s s in g  in  ord er  to
r eco v er  data from th e  many SAVE-blocks in  th e  sequence r e q u ir e d  
fo r  the COBOL program.
Sequencing i s  n o t  th e  o n ly  problem, fo r  SAVE-blocks are  part  
o f  the  s ta c k  mechanism o f  th e  macro p ro cesso r  and t h e r e f o r e  take  
up space  which cou ld  be used fo r  o th er  p u rp o ses .  With a verb ose  
language l i k e  COBOL th e  c o n te n ts  o f  the  SAVE-blocks would ta k e  up 
too  much s ta c k  sp a c e .O
3 . 3 . 2  Use o f  %SAVE and %LOAD
As th e  i n t e r n a l  s t o r a g e  o f  g e n e r a t e d  s t a t e m e n t s  p roved  
i m p r a c t i c a l ,  a t t e n t i o n  was tu rn ed  to  th e  s y s t e m  macros  %SAYE and 
%LOAD. They p r o v id e  a means o f  a c c e s s  to  and r e t r i e v a l  from a 
d i s c  f i l e  s t o r a g e  s y s t e m  a s s o c i a t e d  w i th  th e  p r o c e s s o r  (A ppen d ix  I 
S e c t i o n s  1, 6 .7  and 6 . 1 1 ) .
The %SAVE s y s t e m  macro c a u s e s  th e  c o n t e n t s  o f  th e  o u t p u t  
s t a c k  to  be s t o r e d  i n  t h e  r e f e r e n c e d  s u b f i l e .  Depending on t h e  
v a l u e  o f  a parameter  s t o r i n g  s t a r t s  a t  the  b e g i n n i n g  o f  t h e
30
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s u b f i l e  or im m ediate ly  a f t e r  the  p r e sen t  s u b f i l e  c o n te n t s .  
However, system  macros cannot appear between th e  %DEF and %END 
s ta te m e n ts  which d e l im i t  a macro d e f i n i t i o n .  To use th e  ^SAVE 
command d i r e c t l y  would mean d e v is in g  many sm a ll  macro d e f i n i t i o n s  
and r e q u ir in g  the  u se r  to  sequence the lo a d in g  and c a l l s  to  each 
by means o f  a p p ro p r ia te  %LOAD and % SA YE  commands, 
e . g .












Save s ta tem en ts  g en era ted  by MACR01 
a t  the  b eg in n in g  o f  th e  INPUTREC 
s u b f i l e .
Load and c a l l  MACR02.
Save s ta tem en ts  g en era ted  by MACR02 
a t  the  b eg in n in g  o f  the  ADDPARA 
s u b f i l e .
Load and c a l l  macro MACR03.
Append the s ta te m e n ts  g e n era ted  by 
MACR03 to  th o se  a lr e a d y  in  th e  
INPUTREC s u b f i l e .
and so on , , .
This approach was r e j e c t e d  a s  too cumbersome and e rr o r  prone 
f o r  even an ex p er ien ced  u ser  ( l e t  a lo n e  the in e x p e r ie n c e d  u s e r ) .
3 . 3 .3  The th ree  phase system  u s in g  data s u b f i l e s
A s o lu t io n  to  th e  seq u en c in g  problem can be reached  by u s in g  
th e  9^ FILE command and a d o p tin g  a th ree  phase approach fo r  th e  
g e n e ra t io n  o f  the  com plete  COBOL program. The th ree  p h ases  
i l l u s t r a t e d  in  F igure  3 .2  cover  th e  fo l lo w in g  t o p ic s :
1 . Statem ent g e n e r a t io n ,
2 .  F i l i n g  the  gen era ted  s ta te m e n ts .
3 .  S y n th e s is  o f  th e  com plete  COBOL program.
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The f i r s t  p hase  r e q u i r e s  t h a t  the  macro d e f i n i t i o n s
g e n e r a t i n g  th e  COBOL s t a t e m e n t s  sh ou ld  a l s o  g e n e r a t e  t h e i r  s y s te m
f i l i n g  commands. Thus each  group o f  COBOL s t a t e m e n t s  i n  th e
o u tp u t  s t a c k  would be c o n t a i n e d  between  a %FILE command s p e c i f y i n g
t h e  d e s t i n a t i o n  s u b f i l e  and t h e  a s s o c i a t e d  t e r m i n a t o r  r e c o r d  o f
e i g h t  c h a r a c t e r s  (Appendix  I S e c t i o n  6 , 5 ) *  For example th e
s t a t e m e n t s  g e n e r a t e d  i n  t h e  macro p r o c e s s o r  o u t p u t  s t a c k  have
th e  f o l l o w i n g  form:
%FILE,0,INPUTREC^
I COBOL s t a t e m e n t s  f o r  d e f i n i n g  r e c o r d
‘ f i e l d s  which a re  d e s t i n e d  f o r  th e
! INPUTREC s u b f i l e .
I I
cLoLo/c/c./oJo/ù/à'jQ/o/o/o
W  %F1LE ,0 ,  ADDPARAjg
COBOL s t a t e m e n t s  f o r  a c c u m u l a t i n g  
t o t a l s  which a re  d e s t i n e d  f o r  th e  
ADDPARA s u b f i l e .
5^F1LE,1 , INPUTREC^
I F u r t h e r  COBOL s t a t e m e n t s  f o r  d e f i n i n g
I i n p u t  r e c o r d  f i e l d s  which  a r e  d e s t i n e d
I to  be appended to  th e  INPUTREC s u b f i l e .
I I
and so on . . .
The c o n t e n t s  o f  t h e  o u tp u t  s t a c k  i s  s a v e d  f o r  u s e  d u r in g  th e  
secon d  p h a s e .
C )  During t h e  s e c o n d  phase  th e  g e n e r a te d  s t a t e m e n t s  a r e  l o a d e d
back i n t o  th e  s y s t e m  so  t h a t  t h e  g e n e r a t e d  f i l i n g  s t a t e m e n t s  can  
be o b e y e d .  The g e n e r a t e d  COBOL s t a t e m e n t s  are  t h u s  f i l e d  i n  t h e
s p e c i f i e d  s u b f i l e s .
The t h i r d  p h ase  i s  co n cer n e d  w i th  th e  s y n t h e s i s  o f  t h e  
co m p le te  COBOL program from a b a s i c  s k e l e t o n  and t h e  g e n e r a t e d  
s t a t e m e n t s  s t o r e d  i n  t h e  v a r i o u s  s u b f i l e s .  To r e t r i e v e  th e  
g e n e r a t e d  COBOL s t a t e m e n t s  from th e  s u b f i l e s  t h e  %LOAD command 
must be u s e d ,  b u t  t h i s  i s  a sy s te m  macro which ca n n o t  be u s e d  from  
w i t h i n  a macro d e f i n i t i o n .  I t  i s  t h e r e f o r e  n e c e s s a r y  to  




F igu re  3 .3  The th ree  phase system  u s in g  ' grown' macros
og e n e r a t e  t h e  c o m p l e t e  COBOL p r o g r a m ,  
e . g .
%LOAD, PROGRAMPARTI^ 
% PR0GRAMPART1
Load a n d  c a l l  t h e  PR0GRAKPART1 macro 
w h ich  g e n e r a t e s  t h e  f i r s t  p a r t  o f  t h e  
COBOL p r o g r a m .
Load and  i n c l u d e  t h e  COBOL s t a t e m e n t s  
s t o r e d  i n  t h e  INPUTREC s u b f i l e .
Load a n d  c a l l  t h e  PR0GRAKPART2 macro  
w h ich  g e n e r a t e s  t h e  n e x t  p a r t  o f  t h e  
COBOL p r o g r a m .
Load and  i n c l u d e  t h e  COBOL s t a t e m e n t s  







and  so  on . . . .
A l t h o u g h  t h e  s t o r a g e  p r o b le m  i s  overcom e by  t h i s  m e th o d ,  
t h i s  a p p r o a c h  t o  t h e  s e q u e n c i n g  p ro b le m  i s  b o t h  t e d i o u s  an d  e r r o r  
p r o n e .
O
3 . 3*4 The t h r e e  p h a s e  s y s t e m  u s i n g  ' g r o w n ' m a c r o s
V/hen a s u b f i l e  c o n t a i n i n g  d a t a  i s  l o a d e d  t h e  PG/1 s y s t e m  
t r a n s f e r s  i t s  c o n t e n t s  t o  t h e  o u t p u t  s t a c k  f rom  w here  i t  c a n n o t  be 
a c c e s s e d  f ro m  w i t h i n  a macro  d e f i n i t i o n .  I n  c o n t r a s t ,  i f  a 
s u b f i l e  c o n t a i n i n g  a macro  d e f i n i t i o n  i s  l o a d e d ,  t h e  macro  i s  
c o m p i l e d  a n d  s t o r e d  i n  t h e  d e f i n i t i o n  s t a c k .  A c c e s s  t o  one  macro 
f rom w i t h i n  a n o t h e r  i s  p o s s i b l e  b y  means  o f  t h e  PG/1 macro  n e s t i n g  
f a c i l i t y  (A p p e n d ix  I  S e c t i o n  4 ) .
By c h a n g i n g  t h e  s u b f i l e s  u s e d  i n  t h e  t h r e e  p h a s e  a p p r o a c h  
o u t l i n e d  i n  S e c t i o n  3*3*3 f rom d a t a  s u b f i l e s  t o  s i m p l e  macro  
d e f i n i t i o n  s u b f i l e s ,  t h e  macro n e s t i n g  f a c i l i t y  c an  be  u s e d  t o  
s i m p l i f y  t h e  t a s k  o f  s y n t h e s i z i n g  t h e  c o m p l e t e  COBOL p r o g r a m .  The 
t h r e e  p h a s e  g e n e r a t i o n  o f  a COBOL p ro g ra m  f rom  F i l e t a b  d i r e c t i v e s  
i l l u s t r a t e d  i n  F i g u r e  3*3 may be. sum m ar ized  a s  f o l l o w s ;
1 .  The i n p u t  o f  d a t a  i n  F i l e t a b  d i r e c t i v e  f o r m a t  an d  t h e  




2 .  The f i l i n g  o f  the gen erated  s ta te m e n ts  in  the  
a p p ro p r ia te  s u b f i l e s  in  order to ’grow’ s im ple  macro d e f i n i t i o n s .
3* The s y n t h e s i s  o f  the com plete  COBOL program u s in g  a 
macro d e f i n i t i o n  which makes n e s te d  c a l l s  to  th e  macros ’grown’ 
during the p rev io u s  p h ase .
When the data s u b f i l e s  are changed to  s im p le  macro 
d e f i n i t i o n s  the macro b o d ie s  c o n s i s t  l a r g e l y  o f  COBOL s ta te m e n ts .  
In a d d i t io n  to th e  COBOL and system  f i l i n g  s ta te m e n ts ,  the  macro 
d e f in in g  s ta te m e n ts ,  9^ DBF and %END, and some s im p le  m acro-tim e  
s ta te m e n ts  are  a l s o  gen erated  during phase 1 . The f o l l o w in g  
o u t l i n e  i l l u s t r a t e s  th e  phase 1 c o n te n ts  o f  the output s ta c k  fo r  













System macro s ta te m e n ts  d e f in in g  macro 
INPUTREC and p o s s i b l y  some m acro-tim e  
and COBOL s ta te m e n ts .
More COBOL s ta te m e n ts  fo r  i n c l u s i o n  
in  th e  body o f  th e  INPUTREC macro.
#FILE,1,INPUTREC#
#END .
Some fu r th e r  COBOL and m acro-tim e  
s ta te m e n ts  fo l lo w e d  by the  system  
macro s ta tem en t fo r  com p le tin g  th e  
INPUTREC macro.
and so on . . .
During the second phase th e  generated  s ta te m e n ts  are  load ed  
back in t o  the  system  so th a t  the f i l i n g  commands can be o b ey ed .
The gen erated  macro d e f i n i t i o n ,  macro-time and COBOL s ta te m e n ts  
are  thus f i l e d  in  th e  s p e c i f i e d  macro d e f i n i t i o n  s u b f i l e .
The ta sk  o f  s y n t h e s iz in g  the  com plete COBOL program from the  




com p lica ted  from th e  u s e r ' s  p o in t  o f  view* I t  c o n s i s t s  o f  lo a d in g  
the  req u ired  macros and i n i t i a t i n g  a c a l l  to  th e  macro d e f i n i t i o n  
which g e n e ra te s  the  program s h e l l  c o n ta in in g  m ain ly  s t a t i c  
in fo rm a tio n .  This macro, c a l l e d  G0PART2, a u t o m a t ic a l ly  makes 
n e s te d  c a l l s  to  the  'grown* macros whose c o n te n ts  depend e n t i r e l y  
on the  o p t io n s  s p e c i f i e d  in  the o r i g i n a l  F i l e t a b  d i r e c t i v e s .
e . g .
9 ^ L 0 A D , I N P U T R E C , A D D P A R A , L o a d  ' grown'macros.
9éLOAD,GOPART2# 
% G0PART2
Load and c a l l  the  macro 
which g e n e r a te s  the s h e l l  o f  
the COBOL program.
The G0PART2 macro has th e  f o l lo w in g  form:
9^ DEF G0PART2 D efin e  program g e n e r a t in g  macro
Generate part o f  the  COBOL program 
s h e l l .
CINPUTREC]
[ADDPARA]
N ested  c a l l  to the  'grown' macro whose 
body c o n ta in s  the COBOL s ta te m e n ts  
d e f in in g  the in p u t record  form at.
Generate more o f  th e  COBOL program 
s h e l l .
N ested  c a l l  to th e  'grown' macro whose 
body c o n ta in s  the COBOL a r i th m e t ic  
p r o c e s s in g  s ta te m e n ts .
%END End o f  macro d e f i n i t i o n .
3 7
T able  3*1 ’Grown’ macros
Macro name C on te nts D i v i s i o n
PARTI S t a t e m e n t s  s p e c i f y i n g  th e  COBOL 
c o m p i l e r  o p t i o n s .
S t e e r i n g
L in e s
CONSTANTS " M acro-t im e s t a t e m e n t s  r e s t o r i n g  
t h e  v a l u e s  o f  c e r t a i n  g l o b a l  
and s t r i n g  v a r i a b l e s  to  t h o s e  s e t  
d u r in g  t h e  f i r s t  phase  o f  th e  
g e n e r a t i n g  s y s t e m .
Not
a p p l i c a b l e
INPUTREC I n put  f i l e  data  r e c o r d  
d e s c r i p t i o n s .
CTRLBRIŒ Data d e s c r i p t i o n s  f o r  each  c o n t r o l  
f i e l d  u s e d  i n  t h e  r e p o r t .
TITLES Data d e s c r i p t i o n s  f o r  th e  r e p o r t  
t i t l e  r e c o r d s .
Da ta
D i v i s i o n
HEADINGS Data d e s c r i p t i o n s  f o r  t h e  c o n t r o l  
break h e a d in g  r e c o r d s .
OUTREC Data d e s c r i p t i o n s  f o r  d e t a i l  and 
c o n t r o l  t o t a l  l i n e s .
SAVETOTL Data d e s c r i p t i o n s  f o r  each  t o t a l l i n g  
f i e l d  u s e d  i n  t h e  r e p o r t .
NOTEPARA COBOL NOTE s t a t e m e n t  c o n t a i n i n g  
F i l e t a b comment r e c o r d s .
ADDPARA S t a t e m e n t s  t o  add t o t a l l i n g  f i e l d s  
i n  th e  i n p u t  r e c o r d  to  t h e  
c o r r e s p o n d i n g  t o t a l  f i e l d  a t  th e  
l o w e s t  c o n t r o l  l e v e l .
TITLEPAR W rite  s t a t e m e n t s  to  o u t p u t  t h e  
r e p o r t  t i t l e  l i n e s .
PAGEPARA S t a t e m e n t s  which i n i t i a t e  th e  
w r i t i n g  o f  c o n t r o l  group h e a d i n g s .
MOVEPARA S t a t e m e n t s  to  move f i e l d s  from t h e  
i n p u t  r e c o r d  to  th e  d e t a i l  l i n e  
r e c o r d s .
P roced ure
D i v i s i o n
V/RITEPAR S t a t e m e n t s  which d e t e c t  t h e  need  
f o r  a new page and w r i t e  o u t  th e  
d e t a i l  l i n e s  f o r  th e  c u r r e n t  
i n p u t  r e c o r d .
BREAKPAR Paragraph s  c o n t a i n i n g  s t a t e m e n t s  
t o  d e t e c t  and p r o c e s s  a s e q u e n c e  
b reak  i n  t h e  i n p u t  r e c o r d  c o n t r o l  
f i e l d s .
o
o
c o n t i n u e d
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3 .4  THE DESIGN OF THE COBOL PROGRAM GENERATOR
In t h i s  s e c t i o n  fu r th e r  c o n s id e r a t io n  i s  g iv en  to  the d es ign  
o f  the  F i l e t a b  to  COBOL program gen era tor  in  terms o f  th e  th ree  
p h ases  o u t l in e d  in  S e c t io n  3*3«4*
3 . 4.1 Phase 1 -  Statem ent g e n e ra t io n
A d e t a i l e d  a n a l y s i s  o f  the  data con ta in ed  in  the F i l e t a b  ... 
d i r e c t i v e s  showed th a t  th ere  were f i f t e e n  groups in t o  which the  
gen era ted  s ta te m e n ts  would f a l l .  S ix  were a s s o c ia t e d  w ith  the  
Data d i v i s i o n  o f  th e  program, w h ile  the  rem aining n in e  were 
a s s o c ia t e d  w ith  th e  Procedure d i v i s i o n .  Each group o f  gen era ted  
s ta te m e n ts  would t h e r e fo r e  need to  be 'grown' in t o  a s ep a ra te  
macro d e f i n i t i o n .
In a d d it io n  two fu r th e r  macros are  r e q u ir e d ,  one to  p ass  
g lo b a l  and s t r i n g  v a r ia b le s  between phases 1 and 3 ,  and an oth er  to  
c o n ta in  S t e e r in g  L in es  d a ta .  S t e e r in g  L ines  a re  param eters which  
s p e c i f y  to  an ICL I 9OO s e r i e s  COBOL com piler  th e  o p t io n s  r e q u ir e d .  
Table 3*1 shows the  name and c o n te n ts  o f  each o f  the sev e n te e n  
macro d e f i n i t i o n s  whose s ta te m e n ts  are  gen era ted  during th e  f i r s t  
( 2 )  phase o f  the COBOL g e n e r a t in g  sy stem .
F igure  3*4 shows to  which macro d e f i n i t i o n s  each F i l e t a b  
d i r e c t i v e  may c o n tr ib u te  and how, in  tu rn , the  former c o n tr ib u te  
to  the  v a r io u s  D iv i s io n s  and S e c t io n s  o f  th e  COBOL program. For  
exam ple, the f o l lo w in g  *INL d i r e c t i v e  c o n ta in s  in fo rm a tio n  which  
a f f e c t s  the s ta te m e n ts  g en era ted  fo r  the in p u t record  d e s c r ip t io n  
(INPUTREC m acro), the  data d e s c r ip t io n  fo r  t o t a l l i n g  f i e l d s  
(SAVETOTL m acro), the  data d e s c r ip t io n s  fo r  the  sequence c o n t r o l  




Macro name C ontents D iv is io n
FINALPAR
OTHERPAR
Statem en ts  which i n i t i a t e  the  
w r it in g  o f, the  f i n a l  c o n tr o l  t o t a l  
l i n e s  a t  the  end o f  the r e p o r t .
Paragraphs fo r  t e s t i n g  i f  a new 
c o n tr o l  h ead in g  i s  r eq u ir ed ,  
w r it in g  c o n t r o l  heading and c o n tr o l  
t o t a l  l i n e s .
Procedure





D iv i s io n /S e c t io n
Ma cro
name
F i le t a b
d i r e c t i v e
CONSTANTScomment
S t e e r in g  L in esPART1
INPUTRECFILE
I d e n t i f i c a t i o n




D iv is io nHEADINGSTITLE
OUTREC
Data D iv is io n  
F i l e  S e c t io nNOTEPARAHEAD
ADDPARA
TITLEPAROUT Data D iv is io n  
Working Storage  
S e c t io nPAGEPARA
MOVEPARAGO
WaiTEPAR Procedure





F igu re  3*4 F i l e t a b  d i r e c t i v e  c o n tr ib u t io n s  to  * grown* macros 




•L 5 / 2 ,  M 1 /4 ,  A 8 /1 0 ,  1 2 0 /3
The number o f  macro d e f i n i t i o n s  which are  in f lu e n c e d  by 
c e r t a in  d i r e c t i v e s  depends on the  parameters s p e c i f i e d  in  th e  
d i r e c t i v e  by the u s e r .  I f ,  fo r  example, the t o t a l l i n g  f i e l d  was 
o m itted  from the above ♦INL d i r e c t i v e ,  COBOL s ta te m e n ts  would not  
be gen erated  fo r  th e  SAVETOTL and ADDPARA m acros.
3 * 4 .2  Phase 2 -  Forms o f  the  ' grown'macros
In order to  a v o id  stopping th e  F i le t a b  d i r e c t i v e s  o n ly  one 
p ass  i s  made over the in p u t  s ta te m e n ts  during phase 1 o f  the  
g e n e ra t in g  system . T his  means th a t  the b o d ie s  o f  the macros 
'grown' during the second phase o f  the system  tak e  one o f  th e  
fo l lo w in g  forms;
1 . Contain no g en era ted  COBOL s ta te m e n ts  a t  a l l .
2 .  Contain s im p le  Procedure d i v i s io n  paragraphs c o n s i s t i n g  
o f  an EXIT s ta te m e n t .
3# Contain th e  whole or part o f  a Procedure d i v i s i o n  
paragraph which d e f in e s  some p r o c e s s in g .
4 .  Contain Data d i v i s i o n  s ta tem en ts  which d e f in e  in p u t  or 
output reco rd s  or Working S torage  i t e m s .
5* Contain th e  S t e e r in g  L in es  n e c e s sa r y  to  com pile  th e
gen era ted  COBOL program on an ICL I 9OO s e r i e s  computer.
''6 . Contain m acro-tim e s ta te m e n ts  fo r  s e t t i n g  up g lo b a l  
and s t r i n g  c o n s ta n ts  which are  needed in  the t h i r d  phase o f  th e  
g e n e r a t in g  system .
oo
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3 . 4.3  Phase 3 -  S k e l e t o n  COBOL program
The main aim when d e s ig n in g  the  s k e le t o n  program was to  keep  
the  l o g i c a l  f low  s im p le ,  but a t  the same time u se  s t r u c t u r e s  which 
can accomodate the  many v a r ia t io n s  l i k e l y  to  be s p e c i f i e d  by th e  
F i l e t a b  in p u t d a ta .  To t h i s  end the  Procedure d i v i s i o n  o f  the  
program was l a r g e l y  b u i l t  up from a s e r i e s  o f  PERFORM s ta te m e n ts .  
These PERFORM s ta te m e n ts  r e f e r  to  paragraphs w h o lly  or p a r t l y  
c o n ta in ed  in  the macros 'grown* during the f i r s t  two ph ases  o f  the  
sy stem . This approach i s  s im i la r  to  the  e x t e n s iv e  use o f  
param eterized  su b r o u t in e s  in  the FORTRAN program g en era to r  ( 3 . 8 ) .
In some in s t a n c e s  a PERFORM sta tem en t i s  o n ly  g en era ted  i f  a 
g lo b a l  v a r ia b le  has p r e v io u s ly  been s e t  to  i n d i c a t e  th a t  the  
r eq u ir ed  s ta te m e n ts  have been gen erated  ( 3 . 4 . 2  Case 1 ) .  In o th e r  
in s t a n c e s  i t  i s  p o s s i b l e  to  u n c o n d i t io n a l ly  in c lu d e  a PERFORM 
s ta tem en t  in  the gen era ted  program, because the paragraph  
r e fe r e n c e d  c o n ta in s  th e  g en era ted  s ta te m e n ts  to carry  o u t th e  
p r o c e s s in g ,  or i t  c o n ta in s  an EXIT s ta tem en t i f  no p r o c e s s in g  i s  
r eq u ir ed  ( 3 . 4 . 2  Cases 2 and 3 ) .
The o u t l i n e  f lo w ch a r t  fo r  th e  s h e l l  o f  the Procedure  
d i v i s i o n  o f  the gen era ted  COBOL program i s  i l l u s t r a t e d  in  F igu re  
3 . 5 . The l i s t i n g  o f  the  GOPART2 macro, which g e n e r a te s  the  
com plete  COBOL program by making n es te d  c a l l s  to  the  'grown' 
macros, i s  in c lu d ed  in  the s ep a ra te  fo ld e r  (Item  3 ) .
In the Data d i v i s i o n .  Working Storage s e c t i o n  o f  the  
g en era ted  COBOL program a d d i t io n a l  FILLER f i e l d s  are  in c lu d e d  in  
c e r t a in  group data d e s c r i p t i o n s .  They are p r e se n t  in  ord er  to  
a v o id  co m p ila t io n  d ia g n o s t i c s  when the 'grown' macro c o n ta in s  no 
g en era ted  s ta te m e n ts  fo r  the low er l e v e l s  o f  the group.' For 
example, when th ere  are  no c o n t r o l  t o t a l s  to  be accum ulated  th e  
group d e s c r ip t io n  w i l l  appear a s  fo l lo w s ;
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01 CONTROL-TOTALS.
02 FILLER PICTURE X.
The WRITE FROM o p t io n  o f  th e  WRITE verb i s  used in  th e
gen era ted  program so th a t  l i t e r a l s  in  the v a r io u s  record  ty p e s  can
be s e t  up once and fo r  a l l .  Only v a r ia b le  data need then be moved 
in t o  p o s i t i o n  p r io r  to  w r i t in g  out the reco rd .
3 . 5  EXAMPLE OF THE BREAK-DOWN OF A FILETAB DIRECTIVE INTO COBOL
STATEMENTS
By ta k in g  the  *INL f i l e t a b  d i r e c t i v e  a s  an example t h i s  
s e c t io n  s e r v e s  to show how the e lem en ts  in  a parameter are  
t r a n s la t e d  in t o  COBOL. I t  a l s o  em phasises the volume and v a r i e t y  
o f  COBOL s ta te m e n ts  which may be generated  from the in fo rm a tio n  
co n ta in ed  in  a s i n g l e  F i l e t a b  d i r e c t i v e .  N otes  d e s c r ib in g  th e  
g e n e r a t io n  o f  COBOL s ta te m e n ts  from the o th er  F i l e t a b  d i r e c t i v e s  
implemented in  t h i s  s tu d y  are  g iv en  in  Appendix I I I .
An *INLIST d i r e c t i v e  d e f in in g  two c o n t r o l  l e v e l  f i e l d s ,  a 
t r a n s f e r  and a t o t a l l i n g  f i e l d  o f  the form shown below w i l l  
r e q u ir e  th e  g e n e ra t io n  o f  COBOL s ta tem en ts  fo r  in c l u s i o n  in  fou r  
m acros, namely INPUTREC, CTRLBRKE, SAVETOTL and ADDPARA* C onsider  
fo r  example;
♦INL
L 4 / 2 ,  M 0 / 4 ,  A 7 / 1 0 ,  1 1 9 /3
The f i e l d s  in  a COBOL record  d e s c r ip t io n  are  d e sc r ib e d  in  
s t a r t  p o s i t io n  o r d e r .  In c o n tr a s t  F i l e t a b  does not r e q u ir e  th e  
f i e l d s  to  be s p e c i f i e d  in  the  order in  which th ey  appear in  the  
in p u t  r eco rd . Both F i l e t a b  and COBOL a l lo w  f i e l d s  to  be r e d e f in e d  
and such f i e l d s  may o v e r la p  o t h e r s .  The g r e a te r  f l e x i b i l i t y  in  
F i l e t a b  i s  overcome by making each F i le t a b  f i e l d  gen era te  a 
com plete  new record  d e s c r ip t io n  which r e d e f in e s  the p r e v io u s  on e .  
Thus each COBOL record  d e s c r ip t io n  appears to  co n ta in  o n ly  one  
named f i e l d  w ith  th e  unused p o s i t i o n s  in  the  record  d e s c r ib e d  by
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FILLER f i e l d s .
Magnetic tape f i l e s  used on an ICL 1900 computer c o n ta in  a 
s e n t i n e l  record  w hich , among o th er  d e t a i l s ,  in c lu d e s  the  maximum 
record  le n g th  used in  th e  f i l e .  This in fo rm a tio n  i s  used by the  
COBOL h ou sekeep ing  r o u t in e s  and o v e r r u le s  th a t  s p e c i f i e d  in  the  
COBOL program. Thus, to  prevent e x ecu t io n  e r r o r s  caused by a 
c o n f l i c t  between s e n t i n e l  and program d a ta , a standard maximum 
in p u t record  le n g th  o f  2048 c h a r a c te r s  was ad op ted . This f ig u r e  
i s  in  l i n e  w ith  th e  ICL co n v en tio n s  for  COBOL programs o f  t h i s  
s i z e  and type u s in g  m agnetic  tape f i l e s .
S in ce  COBOL data-names cannot be e n t i r e l y  numeric the  
F i l e t a b  t o t a l l i n g  f i e l d  s p e c i f i e r s  are  p r e f ix e d  by the  l e t t e r  A 
when COBOL program s ta te m e n ts  to  p ro cess  them are  g e n e r a te d .
Other ty p es  o f  f i e l d  s p e c i f i e r s  remain unchanged when used a s  
COBOL data-names#
The lo w e st  l e v e l  c o n tr o l  f i e l d ,  L, o n ly  c o n tr ib u te s  to  the  
Data d i v i s i o n  in p u t record  s p e c i f i c a t i o n s ,  which are f i l e d  in  the  
INPUTREC macro. I t  ca u ses  the f o l lo w in g  s ta te m e n ts  to  be 
g en era ted ;
02 FILLER-1 REDEFINES INREC.
03 FILLER PICTURE X (4 ) .
03 L PICTURE X (2 ) .
^  03 FILLER PICTURE X (2 ) .
03 FILLER PICTURE X(120) OCCURS 1 ? .
The ICL 1900 COBOL com piler  imposes a maximum s i z e  o f  120 
c h a r a c te r s  on an alphanum eric f i e l d ,  hence the  need to  u se  the  
OCCURS c la u s e  and have two FILLER sta tem en ts  to  f i l l  ou t  th e  
record  to  the c o r r e c t  len g th #
The M f i e l d ,  b e in g  a c o n tr o l  f i e l d  not o f  the lo w e s t  l e v e l ,  
c o n tr ib u te s  COBOL s ta te m e n ts  to  both the INPUTREC and CTRLBRKE 
m acros. The l a t t e r  macro c o n ta in s  s ta tem en ts  used to b u i ld  up a 
group s tr u c tu r e  in  the  Data d i v i s i o n ,  which i s  used by th e  
Procedure d i v i s i o n  to  d e t e c t  a sequence break i n  the  c o n t r o l
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: f i e l d s .
Thus c o n tr o l  f i e l d  M w i l l  cause the f o l l o w in g  s ta te m e n ts  to  
be gen erated  fo r  in c l u s i o n  in  the  INPUTREC macro;
02 FILLER-2 REDEFINES FILLER-1.
03 M PICTURE X (4 ) .
03 FILLER PICTURE X (4 ) .
03 FILLER PICTURE X(120) OCCURS 1?.
Only one s ta tem en t i s  gen era ted  by t h i s  c o n tr o l  f i e l d  fo r
in c l u s i o n  in  the  CTRLBRKE macro and t h i s  i s  a s  fo l lo w s ;
02 M PICTURE X (4 ) .
T ran sfer  f i e l d  A i s  s im i la r  to  the lo w e s t  c o n to l  l e v e l  f i e l d
in  th a t  i t  o n ly  ca u ses  s ta te m e n ts  to  be g en era ted  fo r  i n c l u s i o n  in
Ç )  the  INPUTREC macro.
. 1 . ,
02 FILLER-3 REDEFINES FILLER-2.
03 FILLER PICTURE X (7 ) .
03 A PICTURE X (1 0 ) .
03 FILLER PICTURE X(1 1 1 ) .
03 FILLER PICTURE X(120) OCCURS l 6 .
The t o t a l l i n g  f i e l d ,  1 , c o n tr ib u te s  gen era ted  s ta te m e n ts  to  
th r e e  macros, namely INPUTREC, SAVETOTL and ADDPARA. The SAVTOTL
macro i s  used to s t o r e  s ta te m e n ts  req u ired  by th e  Data d i v i s i o n
fo r  d e f in in g  t o t a l l i n g  f i e l d s  fo r  each c o n tr o l  l e v e l  o f  the  
r e p o r t ,  excep t the minor c o n tr o l  l e v e l .  A Procedure d i v i s i o n
(2 ) s ta tem en t fo r  the accu m ulation  o f  the  c o n tr o l  t o t a l  i s  r e q u ir ed
and t h i s  i s  gen erated  fo r  i n c lu s io n  in  a macro c a l l e d  ADDPARA.
Thus the F i le t a b  f i e l d  s p e c i f i c a t i o n  i  1 9 / 3  c o n t r ib u t e s  th e
f o l lo w in g  s ta te m e n ts  to  th e  macros in d ic a te d  below:
INPUTREC macro;
02 f i l l e r - 4  r e d e f i n e s  f i l l e r - 3 .
03 FILLER PICTURE X (1 9 ) .
03 A1 PICTURE 9 ( 3 ) .
03 FILLER PICTURE X (1 0 6 ) .
03 FILLER PICTURE X(120) OCCURS I 6 .
SAVETOTL macro;




ADD A1 IN INREC TO Al IN M-LEVEL.
While the  e x t e n s iv e  use o f  the  COBOL REDEFINES f a c i l i t y  
c l e a r l y  a f f e c t s  the  program c o m p ila t io n  t im e ,  i t s  e f f e c t  on 
program ex ec u t io n  tim e i s  m inim al.
3 . 6  THE MACRO PROCESSING OF FILETAB DIRECTIVES
The d es ig n  o f  COBOLGEN, the  macro fo r  p r o c e s s in g  the F i l e t a b  
d i r e c t i v e s  and g e n e r a t in g  the s ta te m e n ts  w hich, in  phase 2 , are  
f i l e d  to 'grow* m acros, i s  now c o n s id e r e d .  The f o l lo w in g  t o p i c s  
are  d is c u s se d ;
1 . O u tlin e  p r o c e s s in g  fo r  the i d e n t i f i c a t i o n  o f  F i l e t a b  
d i r e c t i v e s .
2 .  I n i t i a l i s a t i o n  p r o c e s s in g .
3* O u tlin e  p r o c e s s in g  o f  F i l e t a b  d i r e c t i v e  p aram eters .
3 . 6 . 1  O u t lin e  p r o c e s s in g  fo r  th e  i d e n t i f i c a t i o n  o f  F i l e t a b
p aram eters .
As shown in  F igure  3 . 8 ,  a modular approach was used fo r  the  
d es ig n  o f  th e  COBOLGEN macro d e f i n i t i o n ,  which g e n e r a te s  th e  COBOL 
s ta te m e n ts  from the  F i l e t a b  d i r e c t i v e s .
The I n i t i a l i s a t i o n  s e c t io n  ( 3 . 6 . 2 )  i s  fo l lo w e d  by a READ 
o p e r a t io n  which in p u ts  a F i l e t a b  d i r e c t i v e .  In the n ex t  s e c t i o n  
th e  d i r e c t i v e ,  which may be one o f  seven v a l id  ty p e s ,  i s  
i d e n t i f i e d .  C ontro l then p a s s e s  to  th e  s e c t io n  where the  
p a r t ic u la r  d i r e c t i v e  and i t s  a s s o c ia t e d  parameter r e c o r d s ,  i f  any,  
are  p r o c e s se d .
The p r o c e s s in g  o f  the parameter record s  c o n t in u e s  w i th in  
each s e c t io n  u n t i l  a new d i r e c t i v e  r eco rd , s t a r t i n g  w ith  an * 
c h a r a c te r ,  i s  d e t e c t e d .  C ontro l then re tu r n s  to  the  s e c t i o n  
which i d e n t i f i e s  th e  new d i r e c t i v e .
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F igure  3*6 O u t l in e  p r o c e s s in g  fo r  Phase 1 o f  th e  F i l e t a b  to  COBOL 
program gen era to r
O
O








The e x c e p t io n s  to  the above are  the * comment and *G0 
d i r e c t i v e s .  In the c a se  o f  comments th ey  are  p ro cessed  one a t  a 
tim e w ith  c o n tr o l  r e tu r n in g  to  th e  f i r s t  READ o p e r a t io n .  When the  
*G0 d i r e c t i v e  i s  d e te c te d  th e  o u ts ta n d in g  COBOL and macro 
d e f i n i t i o n  s ta te m e n ts  are  g e n e ra ted ,  thus com p le tin g  the  f i r s t  
phase o f  the  g e n e r a t in g  system .
A l i s t i n g  o f  the m acro-tim e s ta tem en ts  fo r  the  
i d e n t i f i c a t i o n  o f  F i l e t a b  d i r e c t i v e s  i s  in c lu d e d  in  the  s e p a r a te  
f o ld e r  (Item  1 ) .
3 . 6 . 2  I n i t i a l i s a t i o n  p r o c e s s in g
In order to  'grow' macro d e f i n i t i o n s  i t  i s  n e c e s s a r y  to  be 
a b le  to use  the % ' and c h a r a c te r s  in  some o f  the  g en era ted  
s ta te m e n ts .  However, th e s e  c h a r a c te r s  have s p e c i a l  meanings  
w ith in  the  macro p r o c esso r  and a r e ,  r e s p e c t i v e l y ,  the  macro 
warning c h a r a c te r ,  th e  l i t e r a l  d e l im it e r  and th e  l a b e l  marker. 
S p e c ia l  p r o c e s s in g  i s  req u ired  in  order to a c h ie v e  t h e i r  p resen ce  
in  the generated  o u tp u t .  A common method fo r  h a n d lin g  th e s e  
s p e c i a l  c h a r a c te r s  i s  not p o s s ib l e  because o f  t h e i r  d i f f e r e n t  
s p e c i a l  m ean in gs-to  the  PG/1 macro p r o c e s s o r .  - 
C )  The PG/1 macro p ro c esso r  s t o r e s  macro d e f i n i t i o n s  in  core  in
an in ter m e d ia te  code which i s  execu ted  when the  macro i s  c a l l e d .  
Text to  be output by a macro d e f i n i t i o n  i s  in t e r s p e r c e d  w ith  the  
m acro-tim e s ta te m e n ts .  In the e x ec u t io n  phase a % c h a r a c te r  in  
the  in te r m e d ia te  code i n d i c a t e s  a c a l l  to  a su b r o u t in e ,  hence  th e  
l i k e l i h o o d  o f  co n fu s io n  and erro r  when the ou tp u t t e x t  a l s o  
c o n ta in s  % c h a r a c t e r s .  To overcome t h i s  d i f f i c u l t y  the  % 
c h a r a c te r  i s  in p u t to  th e  macro d e f i n i t i o n  in  the  form o f  an 
argument. Thus th e  COBOLGEN macro must be c a l l e d  by th e  f o l l o w i n g
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s ta tem en t:
% COBOLGEN (96)
During the  development o f  the  COBOLGEN macro i t  was n e c e s s a r y  to  
depart from the d e f a u l t  v a lu e  fo r  the argument marker a s  th e  @ 
c h a r a c ter  was an o p e r a t in g  system  c o n tr o l  c h a r a c ter  on the h o s t  
computer# In s tea d  th e  /  c h a r a c ter  was d e f in ed  a s  the  macro 
argument marker u s in g  the %MACRO system  macro (Appendix I S e c t io n  
6 , 1 ) .  Wherever a % ch a r a c ter  i s  req u ired  in  th e  ex p a n s io n -t im e  
s ta te m e n ts  o f  the  COBOLGEN macro the  macro argument / I /  i s  u se d .
The quote c h a r a c ter  which i s  used by th e  macro p r o c e s s o r  to  
c d e l im it  alphanumeric l i t e r a l s  a l s o  p r e se n ts  a problem when i t  i s
req u ired  in  a s ta tem en t to  be g e n e ra ted .  T his  problem was 
overcome by rea d in g  the  quote c h a ra cter  from an in p u t reco rd  and 
s t o r i n g  i t  in  a g lo b a l  v a r ia b le  c a l l e d  ;^QUO. The record  
c o n ta in in g  the quote ch a r a c ter  must fo l lo w  im m ed iate ly  a f t e r  the  
c a l l  to  the COBOLGEN macro and precede the  F i l e t a b  rec o r d s  in  the  
in p u t  stream .
The ^  ch a r a c ter  i s  s e t  up a s  an alphanumeric l i t e r a l  in  
g lo b a l  v a r ia b le  ;^HATC. The name o f  t h i s  v a r ia b le  i s  s p e c i a l l y  
chosen to  have the  f u l l  four c h a r a c ter s  a f t e r  th e  G so th a t  i t  
( 2 ) can be p la ced  im m ed iate ly  in  fr o n t  o f  a s t r i n g  o f  c h a r a c te r s  in  an
exp an s ion -t im e  s ta te m e n t .  A s h o r te r  name ca u ses  th e  macro 
p r o c esso r  to  in t e r p r e t  the b eg in n in g  o f  the c h a r a c te r  s t r i n g  a s  
p a r t  o f  the g lo b a l  v a r ia b le  name.
Sta tem en ts  d e s t in e d  fo r  some o f  the macros to be 'grown' may 
be gen era ted  a t  v a r io u s  p o in t s  w ith in  the COBOLGEN macro, 
depending on the F i l e t a b  d i r e c t i v e s  subm itted  a s  in p u t .  In ord er  
to  handle t h i s  s i t u a t i o n  th ree  sm a ll  r o u t in e s  were d e v is e d  to  




The f i r s t  r o u t in e  g e n e r a te s  the %FILE and %DEF s ta te m e n ts  
fo r  the s u b f i l e  whose name i s  con ta in ed  in  g lo b a l  v a r ia b le  ^FIL.^
A LABELOFF m acro-tim e s ta tem en t i s  a l s o  g en era ted  so th a t  the  
f i r s t  s i x  c h a r a c te r s  o f  any gen erated  s ta tem en t which f o l l o w s  are  
n o t ign ored  (Appendix I S e c t io n  7 , 1 3 ) .
#101 CONTINUE : INITIALISE Statem ent to  l a b e l
r o u t in e .
/ l /F I L E ,0 , ; ^ F I L /  E xpansion-tim e s ta te m e n ts
/1/DEF i^FIL (w ith in  the  t e x t  / 1 /  i s
/ 1 /  LABELOFF e q u iv a le n t  to  %).
/ V / 1 / / 1 / / 1 / / 1 / / 1 / / 1 / / 1 /
%
% RETURN Return to c a l l i n g
r o u t in e .
The second r o u t in e  g e n e r a te s  the system  macro s ta tem en t  
n e c e s s a r y  to append su b seq u en t ly  generated  s ta te m e n ts  to  an 
e x i s t i n g  macro d e f i n i t i o n  s u b f i l e .  The s u b f i l e  name i s  a g a in  
co n ta in ed  in  g lo b a l  v a r ia b le  ;^FIL .
55102 CONTINUE : APPEND Statem ent to  l a b e l
r o u t in e .
/ l /F IL E , 1 ,;^FIL^ E xpansion -tim e s ta te m e n t .
% RETURN Return to  c a l l i n g
r o u t in e .
The l a s t  o f  th e  b a s ic  s e r v i c e  r o u t in e s  g e n e r a te s  th e  f i l i n g  
s ta te m e n ts  n e c e s s a r y  to append the  f i n a l  %END s ta tem en t  to  th e  
s u b f i l e  c o n ta in in g  the  macro d e f i n i t i o n  s p e c i f i e d  by th e  ;^FIL  
g lo b a l  v a r ia b le .  I t  a l s o  g e n e r a te s  the LABELON m acro-tim e  
s ta tem en t to  n eg a te  the e f f e c t  o f  the  LABELOFF sta tem en t  s t  th e  
b eg in n in g  o f  the  'grown'macro.
#104  CONTINUE :FINALISE Statem ent to  l a b e l
r o u t in e .
/ l /F I L E ,  1 , ;^ F IL / E xpansion -tim e s ta te m e n ts
/ V  LABELON
/1/END
/ V / 1 / / 1 / / 1 / / 1 / / 1 / / 1 / / 1 /
% RETURN Return to  c a l l i n g
r o u t in e .
oo
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I n  a d d i t i o n  t o  t h e  p r o c e s s i n g  to  h a n d l e  t h e  s p e c i a l  
c h a r a c t e r s ,  t h e  I n i t i a l i s a t i o n  s e c t i o n  o f  t h e  COBOLGEN macro  
c a u s e s  t h e  s t a t e m e n t s  w h ich  i n i t i a l i s e  a l l  t h e  ' grown ' m a c r o s  t o  
be  g e n e r a t e d .  T h i s  l a t t e r  p r o c e s s i n g  c o n s i s t s  o f  p a i r s  o f  
m a c r o - t i m e  s t a t e m e n t s  w h ich  s e t  t h e  name o f  t h e  macro  
i n  g l o b a l  v a r i a b l e  / t î F l L  an d  c a u s e  INITIALISE,  t h e  f i r s t  o f  t h e  
a b o v e  s e r v i c e  r o u t i n e s ,  t o  be  o b e y e d .  Some o f  t h e  ' g r o w n '  macro 
d e f i n i t i o n s  h a v e  a n  a s s o c i a t e d  g l o b a l  v a r i a b l e  w h ich  i s  u s e d  t o  
i n d i c a t e  w h e t h e r  o r  n o t  t h e  body  o f  t h e  ' g r o w n ' macro  c o n t a i n s  
a n y  g e n e r a t e d  COBOL s t a t e m e n t s  ( 3 . 4 . 2  Case  1 ) .  T h ese  g l o b a l  
v a r i a b l e  i n d i c a t o r s  a r e  s e t  e g u a l  t o  z e r o  d u r i n g  t h e  , 
I n i t i a l i s a t i o n  s e c t i o n  o f  t h e  COBOLGEN m a è ro .
A l i s t i n g  o f  t h e  I n i t i a l i s a t i o n  s e c t i o n  o f  t h e  COBOLGEN 
macro  i s  i n c l u d e d  i n  t h e  s e p a r a t e  f o l d e r  ( i t e m  2 ) .
3 . 6 . 3  O u t l i n e  p r o c e s s i n g  o f  F i l e t a b  d i r e c t i v e  p a r a m e t e r s
The p r o c e s s i n g  o f  F i l e t a b  d i r e c t i v e  p a r a m e t e r s  i s  
i l l u s t r a t e d  by  t a k i n g  one  e x a m p le ,  nam e ly  t h e  p a r a m e t e r s  o f  t h e  
*1NL d i r e c t i v e  w h ic h  was d i s c u s s e d  i n  S e c t i o n  3 « 5 .
The f l o w c h a r t  i n  F i g u r e  3 . 7  shows t h e  o u t l i n e  p r o c e s s i n g  f o r  
t h e  F i l e t a b  *1NL p a r a m e t e r  r e c o r d s .  D ep en d in g  on t h e  p a r a m e t e r s  
d a t a ,  t h i s  p r o c e s s i n g  w i l l  g e n e r a t e  COBOL, m a c r o - t i m e  a n d  s y s t e m  
f i l i n g  s t a t e m e n t s  f o r  one  o r  more o f  t h e  s u b f i l e s  INPUTREC, SAVETO 
SAVETOTL, ADDPARA an d  CTRLBRKE ( 3 . 3 ) .  The APPEND s e r v i c e  r o u t i n e  
( 3 . 6 . 2 ) i s  u s e d  t o  g e n e r a t e  t h e  f i l i n g  commands w h ich  d i r e c t  t h e  
g e n e r a t e d  COBOL s t a t e m e n t s  t o  t h e  d e s i r e d  s u b f i l e .  I t  w i l l  be 
n o t e d  f rom  F i g u r e  3 ^ 7  t h a t  t h e r e  a r e  m u l t i p l e  c a l l  t o  a p p e n d  
g e n e r a t e d  C O B O L 's t a t e m e n t s  t o  t h e  INPUTREC s u b f i l e  a n d  t h a t  t h e s e  
a r e  i n t e r s p e r c e d  w i t h  c a l l s  t o  ap p e n d  s t a t e m e n t s  t o  o t h e r  
s u b f i l e s .  T h i s  i l l u s t r a t e s  t h e  c o n v e n i e n c e  o f  t h e  s e q u e n c i n g
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method adopted fo r  the COBOL g e n e ra t in g  system  ( 3 . 3 . 4 ) ,
In order to  d e a l  w ith  the problem o f  o v e r la p p in g  f i e l d s  and 
f i e l d s  n o t  s p e c i f i e d  in  s t a r t  p o s i t io n  o rd e r ,  each F i l e t a b  f i e l d  
i s  made to gen era te  a com plete new record  d e s c r ip t io n  which 
r e d e f in e s  the p re v io u s  d e s c r ip t io n  (3 . 3 )* A count o f  in p u t f i e l d s  
i s  m ain ta ined  and i s  used in  the  nom enclature o f  the record  
d e s c r ip t io n s  when th ey  are  gen erated  (Appendix I I I  S e c t io n  4 ) .
Parameter rec o r d s  are  read and p ro cessed  one a t  a time u n t i l  
a new F i l e t a b  d i r e c t i v e  record  w ith  an a s t e r i s k  in  the f i r s t  
p o s i t i o n  i s  d e t e c t e d .  C ontro l then p a s se s  to  th e  mac r o - t im e  
s ta te m e n ts  which i d e n t i f y  the  d i r e c t i v e  (3 *6 . 1 )•
The parameter record  in  th e  in p u t b u f fe r  i s  squashed to  
remove imbedded sp a c es  in  order to  s im p l i f y  data e x t r a c t io n  and 
to  determ ine i t s  l e n g t h .
The f i e l d  cou n ter  i s  increm ented  and th e  d e t a i l s  fo r  a f i e l d  
d e s c r ip t io n  are e x tr a c te d  (Appendix I I  S e c t io n  3 * 2 .2 ) .  I f  the  end 
p o s i t io n  r a th e r  than f i e l d  le n g th  was s p e c i f i e d  the l a t t e r  i s  
c a lc u la t e d  fo r  use  when the COBOL f i e l d  d e s c r ip t io n  i s  g e n e r a te d .
The COBOL sta tem en t  d e f in in g  the new record  d e s c r ip t io n  i s  
gen erated  fo r  f i l i n g  in  the INPUTREC s u b f i l e .  U n le ss  the cu rren t  
f i e l d s  s t a r t s  in  th e  f i r s t  p o s i t i o n  o f  the r e c o r d ,  FILLER f i e l d  
d e s c r ip t io n  s ta te m e n ts  fo r  the  i n i t i a l  part o f  the  record  are  
g en e ra ted .  These too w i l l  be f i l e d  in  the INPUTREC s u b f i l e .
I f  the  cu rren t f i e l d  i s  a t o t a l l i n g  f i e l d  a data d e s c r ip t io n  
s ta tem en t fo r  the accum ulated t o t a l  i s  gen era ted  fo r  f i l i n g  in  th e  
SAVETOTL s u b f i l e .  The in p u t record  numeric f i e l d  d e s c r ip t io n  i s  
then generated  fo r  f i l i n g  in  the  INPUTREC s u b f i l e .  F i n a l l y  th e  
ADD s ta te m e n t ,  which accu m ulates  th e  t o t a l ,  i s  gen era ted  fo r  
i n c l u s i o n  in  the  ADDPARA s u b f i l e .
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I f  t h e  c u r r e n t  f i e l d  i s  a c o n t r o l  f i e l d  a c o n t r o l  b r e a k  
d a t a  d e s c r i p t i o n  i s  g e n e r a t e d  f o r  i n c l u s i o n  i n  t h e  CTRLBRKE 
s u b f i l e .  Bo th  c o n t r o l  an d  t r a n s f e r  f i e l d s  h a v e  an  a l p h a n u m e r i c  
i n p u t  r e c o r d  f i e l d  d e s c r i p t i o n  g e n e r a t e d  f o r  f i l i n g  i n  t h e
INPUTREC s u b f i l e .
U n l e s s  t h e  c u r r e n t  f i e l d ,  r e g a r d l e s s  o f  t y p e ,  e n d s  i n  t h e  
l a s t  p o s i t i o n  o f  t h e  r e c o r d ,  FILLER f i e l d  d e s c r i p t i o n  s t a t e m e n t s  
a r e  g e n e r a t e d  f o r  t h e  f i n a l  p a r t  o f  t h e  r e c o r d .  T h ese  w i l l  be  
f i l e d  i n  t h e  INPUTREC s u b f i l e .
I f ,  when t h e  c u r r e n t  f i e l d  d e s c r i p t i o n  h a s  b e e n  p r o c e s s e d ,  
t h e  i n p u t  b u f f e r  d a t a  h a s  b e e n  e x h a u s t e d  a n o t h e r  p a r a m e t e r  r e c o r d  
i s  r e a d .  O t h e r w i s e  t h e  d e t a i l s  f o r  t h e  n e x t  f i e l d  d e s c r i p t i o n  
a r e  p r o c e s s e d .
F u r t h e r  d e t a i l s  o f  t h e  p a r a m e t e r  p r o c e s s i n g ,  s t a t e m e n t s  
g e n e r a t e d  a n d  m a c r o - t i m e  v a r i a b l e s  u s e d  a r e  g i v e n  i n  A p p e n d ix  111 
S e c t i o n  3* A l i s t i n g  o f  t h e  m a c r o - t i m e  s t a t e m e n t s  f o r  p r o c e s s i n g  
*1NL p a r a m e t e r s  i s  i n c l u d e d  i n  t h e  s e p a r a t e  f o l d e r  ( I t e m  5 )*
3 . 7  ASSESSMENT OF THE FILETAB TO COBOL PROGRAM GENERATOR
The p r o c e s s i n g  d e s c r i b e d  e a r l i e r  . in  t h i s  c h a p t e r  a n d  t h a t  
o u t l i n e d  i n  A p p e n d ix  111 d e m o n s t r a t e s  t h e  f e a s i b i l i t y  o f  u s i n g  
t h e  PG/1 macro p r o c e s s o r  t o  g e n e r a t e  a c o m p l e t e  s y n t a c t i c a l l y  
c o r r e c t  COBOL p r o g r a m  f rom  a s e t  o f  F i l e t a b  d i r e c t i v e s .  At 
t h i s  s t a g e  we a r e  n o t  c o n c e r n e d  w i t h  t h e  f u l l  s y n t a x  c h e c k i n g  o f  
F i l e t a b  d i r e c t i v e s  n o r  t h e  s e m a n t i c s  o f  t h e  F i l e t a b  r e q u e s t .
Some a s s e s s m e n t  o f  p ro g ra m  s i z e  an d  e f f i c i e n c y ,  t h e  e l e g a n c e  o f  
t h e  g e n e r a t e d  c o d e ,  t h e  i n f l u e n c e  o f  t h e  p r o b l e m  s p e c i f y i n g  
l a n g u a g e  and  t h e  l i m i t a t i o n s  o f  t h e  macro p r o c e s s o r  m u s t ,  
h o w e v e r ;  be  made b e f o r e  t h e  g e n e r a t i o n  o f  COBOL p r o g r a m s  b y  
macro  p r o c e s s o r  c an  be  deemed a v i a b l e  p r o p o s i t i o n .
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3 .7 * 1  Program s i z e  and e f f i c i e n c y
Some measure o f  the  e f f i c i e n c y  o f  the g en era ted  program can
be a s s e s s e d  by comparing i t s  run time j a t a t i s t i c s  w ith  th o se  o f  a
F i l e t a b  run on the same computer, u s in g  the same in p u t data f i l e
w ith  the same d i r e c t i v e  s ta te m e n ts  and producing an i d e n t i c a l
o u tp u t r e p o r t .
In a t y p i c a l  comparison e x e r c i s e  the f o l lo w in g  F i l e t a b
d i r e c t i v e s  were used to  g e n era te  e COBOL program:
♦ THIS IS A COMMENT 
'TITLE 1 ,3  
REPORT TITLE 
TABN TO COBOL TEST 
'FILE MT STUD-MAIN73 
'HEAD M 1,1
CONTROL LEVEL M HEADING FIELD-1 FIELD-2 FIELD-3 
'HEAD N 1,1
CONTROL LEVEL N HEADING 
'INL
L 7 / 1 ,  M 6 / 1 ,  N 4 / 2 ,  A 0 / 4 ,  B 4 / 4 ,  1 8 /3  




'OUT N 1 ,1
*TOTAL* 1111111
♦GO
TABN, the ICL 19OO s e r i e s  v e r s io n  o f  th e  F i l e t a b  program, 
was a l l o c a t e d  I 9K words o f  s to r a g e  on an ICL 190? computer and 
( 2 )  and execu ted  u s in g  th e  above d i r e c t i v e s .  The data f i l e  c o n ta in ed
248 v a r ia b le  le n g th  r e c o r d s ,  the maximum s i z e  o f  which was 2048  
c h a r a c t e r s .  One second o f  C en tra l P rocessor  U nit  (CPU) tim e was 
req u ired  to  run the program, which used 296 w r i te  o p e r a t io n s  to  
p r in t  the  r e p o r t ,  l i s t  the d i r e c t i v e  s ta tem en ts  and p r in t  th e  job  
s t a t i s t i c s .  .In c o n tr a s t  TABC, the  generated  COBOL program 
c o n s i s t i n g  o f  232 sou rce  r e c o r d s ,  req u ired  o n ly  3^K words o f  
s to r a g e  on the same computer, but used two secon d s  o f  CPU fo r  
e x e c u t io n .  The number o f  w r i te  o p e r a t io n s  r e q u ir ed  to  produce an 
i d e n t i c a l  r ep o rt  and to p r in t  th e  job s t a t i s t i c s  r o se  to  557*
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The s i g n i f i c a n t l y  la r g e r  number o f  w r ite  o p e r a t io n s  req u ired  
by the COBOL program i s  due to th e  i n e f f i c i e n t  method used to  
a c h ie v e  the req u ired  sp a c in g  a f t e r  any p r in t  group. The w a s t e f u l  
tech n iq u e  o f  p r in t in g  a blank l i n e  a f t e r  each p r in t  group needs to  
be r e p la c e d  by th e  s e t t i n g  o f  a co u n ter ,  which can be added to  the ' " '! 
ADVANCING count fo r  th e  n ex t WRITE s ta te m e n t .  The p r o c e s s  o f  
p r in t in g  the blank l i n e s  i s  a c o n tr ib u to r y  f a c t o r  in  th e  h ig h er  
usage o f  CPU time by the COBOL program. This, l a t t e r  s t a t i s t i c  
was, however, o n ly  a v a i l a b l e  rounded to the  n e a r e s t  second and so  
was not a very  s e n s i t i v e  measure o f  program e f f i c i e n c y .
The core  req u irem en ts  o f  th e  generated  COBOL program 
compares fa vou rab ly  w ith  th o se  which would be req u ired  by a hand 
coded program, a lth o u g h  the cod in g  o f  the l a t t e r  would be more 
e l e g a n t .  Apart from the w a s t e f u l  p r in t in g  o f  blank l i n e s ,  th ere  
are  o th e r  a rea s  where improvements could  be made in  the  g en era ted  
COBOL program. These would both improve the  run time e f f i c i e n c y  
and reduce the c o m p ila t io n  tim e by the use  o f  few er , s h o r te r  source  
language s ta te m e n ts .
3 . 7.2  The e leg a n ce  o f  the g en era ted  COBOL code
( 2 )  The program l i s t i n g  forms an im portant p ar t  o f  the
docum entation fo r  a program. In the  case  o f  a gen era ted  program 
the l i s t i n g s  o f  the in p u t  param eters and the gen era ted  so u rce  code 
are  o f t e n  the o n ly  p ie c e s  o f  docum entation a v a i l a b l e .  In such  
c a se s  th e  e leg a n ce  o f  the  gen era ted  code i s  a c o n tr ib u to r y  f a c t o r  
in  the  c l a r i t y  o f  the  program docum entation .
The g e n e ra t io n  o f  the  Data d i v i s i o n  in p u t f i l e  record
d e s c r ip t io n  i s  one area where an improvement cou ld  be made. The
number o f  r e d e f i n i t i o n s  cou ld  be reduced , i f  some a ttem p t was made
to  r e l a t e  each data f i e l d  to the one th a t  preceded i t  on th e  *INL
parameter r e c o r d .  Thus, o n ly  when data f i e l d s  o v e r la p p e d ,  or  were
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n o t s p e c i f i e d  in  s t a r t  p o s i t i o n  o rd er ,  would th ere  be a need fo r  
a REDEFINES statem ent*  Another o p p o rtu n ity  fo r  improvement o ccu rs  
in  the Procedure d i v i s i o n  o f  the generated  program where, by 
s e c t i o n a l i s i n g  the paragraphs, a s ta tem en t o f  the  form:
PERFORM pa ra gra ph-name-1 THRU pa ra gra ph-nam e-2. 
cou ld  be rep la ced  by a s ta tem en t o f  the form:
PERFORM sec t io n -n a m e .
Although not shown up by the  p a r t ic u la r  F i l e t a b  example 
quoted above , a d e f i c i e n c y  e x i s t s  in  the method used by th e  COBOL 
program to  d e te c t  th e  need fo r  a new page when p r in t in g  a group o f  
ou tp u t l in e s #  The 'HEAD L d i r e c t i v e  i s  used to  s p e c i f y ,  e i t h e r  
e x p l i c i t l y  or by d e f a u l t ,  the maximum number o f  l i n e s  per rep o r t  
page (Appendix I I  S e c t io n  3 * 4 ) .  The COBOL program, however, o n ly  
t e s t s  the l i n e  count v a lu e  p r io r  to  p r in t in g  a group o f  ou tp u t  
l in e s *  Thus, i f  an output group c o n s i s t s  o f  s e v e r a l  l i n e s ,  the  
page may turn out to  have s l i g h t l y  more than the  p erm itted  
maximum. A more s o p h i s t i c a t e d  method fo r  end o f  page d e t e c t i o n  
i s  req u ired  to  overcome t h i s  s i t u a t i o n .  A lso i t  must en su re  the  
su p p re ss io n  o f  c o n t r o l  group head in gs  near the bottom o f  a page  
when th ere  w i l l  not be enough room fo r  a t  l e a s t  one d e t a i l  l i n e  
O  to  f o l l o w .  These f e a t u r e s  are  taken in  to accou nt in  th e  d e s ig n
o f  the  more e la b o r a te  COBOL r ep o r t  program g e n e r a t in g  system  
d e scr ib ed  in  Chapters 6 and 7*
3 .7 * 3  The in f lu e n c e  o f  the problem s p e c i f y in g  language
The use  o f  the p r e -d e f in e d  F i l e t a b  language to  s p e c i f y  th e  
problem to the macro p r o c e s s o r ,  so th a t  i t ,  in  tu rn , cou ld  
gen era te  a COBOL program to  p rov id e  a s o l u t i o n ,  proved v a lu a b le .
I t  not o n ly  e s t a b l i s h e d  the f e a s i b i l i t y  o f  th e  approach, but  
a l s o  serv ed  to h ig h l ig h t  a r ea s  where i t  was more d i f f i c u l t  to
oo
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t r a n s l a t e  the problem language in t o  COBOL s ta te m e n ts .  For 
example, one such d i f f i c u l t y  was caused by th e  f a c t  th a t  both  
F i le t a b  and the macro p r o c esso r  used the s i n g l e  q u o ta t io n  mark 
c h a ra cter  ( ' )  to  d e l im it  a t e x t  l i t e r a l .  S p e c ia l  p r o c e s s in g ,  a s  
o u t l in e d  in  S e c t io n  3 . 6 . 2 ,  was needed to overcome the problem.
Thus, in  the d es ig n  o f  any problem s p e c i f y in g  d ia lo g u e  for  use  
w ith  t h i s  macro p r o c e s s o r ,  the c h o ic e  o f  a d i f f e r e n t  t e x t  l i t e r a l  
would be a d v i s a b le .  As the d i a l e c t  o f  COBOL b e in g  gen era ted  by 
the system  u se s  the  double q u o ta t io n  mark c h a r a c ter  ('•) to d e l im it  
alphanumeric l i t e r a l s ,  i t  would be a p p rop ria te  to  adopt the  same 
c h a r a c te r ,  for  th e  same purpose , in  the  d es ig n  o f  a problem  
s p e c i f y i n g  d ia lo g u e .
The F i le t a b  'FILE d i r e c t i v e  has no parameter which d e s c r ib e s  
the  maximum record  le n g th  o f  the  f i l e ,  hence the  ad op tion  o f  2048 
c h a r a c te r s  as  the record  s i z e  by the  COBOL g e n e r a t in g  macros 
( 3 . 3 ) .  I f  t h i s  p ie c e  o f  data cou ld  be su p p lie d  in  a com pu ter/u ser  
d ia lo g u e ,  the g en era ted  .program would req u ire  l e s s  core  s to r a g e  
and have fewer FILLER s ta te m e n ts  when the f i l e ' s  record  l e n g t h  
was l e s s  than the 2048 assumed a t  p r e se n t .
The ex p er ien ce  ga ined  from F i le t a b  to  COBOL program 
t r a n s l a t i o n  w i l l  in f lu e n c e  two o th er  a s p e c t s  in  the  d e s ig n  o f  a 
com pu ter/u ser  d ia lo g u e  fo r  the g en e ra t io n  o f  a COBOL program.
The f i r s t  i s  r e la t e d  to  the d es ign  o f  th e  format o f  r e p o r t  
l i n e s .  The parameter reco rd s  fo r  the  'TITLE, 'HEAD and 'OUT 
F i l e t a b  d i r e c t i v e s  prov id e  a s im p le  s t r a ig h t  forward way o f  
s p e c i f y i n g  the la y o u t  o f  an output l i n e ,  but i t  was f e l t  th a t  
th e  use o f  a v i s i b l e  c h a r a c ter  to  denote blank c h a r a c te r s  between  
f i e l d s  would be an a d van tage . T his  i s  e s p e c i a l l y  so i f  the  r ep o r t  
la y o u t  i s  to  be d es ig n ed  by the u ser  w h i l s t  s i t t i n g  a t  a t e r m in a l ,  
r a th e r  than pre-p lan n ed  u s in g  squared paper. I t  i s  fa r  more
oo
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d i f f i c u l t  to  count th e  number o f  blank sp aces  between f i e l d s  than 
i t  i s  to  count the number o f  c h a r a c te r s  in  a f i e l d .
S eco n d ly ,  in  th e  d es ign  o f  a problem s p e c i f y i n g  system  fo r  
the g e n e ra t io n  o f  COBOL programs u s in g  the PG/1 macro p r o c e s s o r ,  
th e  numeric d e s ig n a t io n  o f  c o n tr o l  l e v e l s  would be advantageous  
( 3 . 7 . 4 ) .
3 . 7.4  PG/1 Macro p ro c esso r  l i m i t a t i o n s
The main d e f i c i e n c i e s  in  th e  PG/1 macro p r o c esso r  which were 
h ig h l ig h t e d  during th e  F i l e t a b  to  COBOL g e n e ra t io n  s tu d y  were as  
fo l lo w s ;
1 . No f a c i l t y  fo r  o r d er in g  a lp h a b e t ic  c h a r a c t e r s .
2 .  No s u b s c r ip te d  v a r i a b l e s .
In a d d i t io n  a number o f  d e s ir a b le  enhancements to  th e  PG/1 macro 
p r o c e s so r  f a c i l i t i e s  were i d e n t i f i e d ,  th e se  in c lu d ed ;
1 . The p r o v is io n  o f  an o v e r la y  mechanism.
2 .  P r o v is io n  o f  m acro-tim e f a c i l i t i e s  f o r  s u b f i l e  
in p u t /o u t p u t .
3 . P r o v is io n  o f  e x t r a c t io n  f a c i l i t i e s  fo r  lo n g  s t r i n g s .
The PG/1 macro p r o c esso r  d e f i c i e n c i e s  became p a r t i c u l a r l y  
apparent during the  development o f  the m acro-tim e s ta te m e n ts  fo r  
g e n e r a t in g  the COBOL paragraphs a s s o c ia t e d  w ith  c o n tr o l  break  
p r o c e s s in g  (Appendix I I I  S e c t io n  8 ) .  The F i l e t a b  a lp h a b e t ic
c o n tr o l  c h a r a c te r s  cou ld  be compared o n ly  in  an e q u a l /n o t  eq u a l
s i t u a t i o n ,  and the  la ck  o f  s u b s c r ip t in g  f a c i l i t i e s  p reven ted  
the use  o f  ta b le  loo k -u p  a s  a means o f  o r d e r in g  them. This  
r e s u l t e d  in  the use  o f  a la r g e  number o f  m acro-tim e IF s ta te m e n ts  
during  the  p r o c e s s in g  to determ ine the next c o n t r o l  l e v e l  in  th e  
F i l e t a b  job h ie r a c h y .
The F i l e t a b  to  COBOL t r a n s l a t i o n  stud y  a l s o  serv ed  to  
h ig h l i g h t  a r ea s  where enhancements to  the  macro p r o c esso r
oo
61
f a c i l i t i e s  would en ab le  COBOL programs to be gen erated  more 
e f f e c t i v e l y .  The la r g e  number o f  m acro-time s ta te m e n ts  req u ired  
to  p r o c ess  the v a r io u s  F i l e t a b  d i r e c t i v e  and parameter r eco rd s  
s t r a in e d  the  macro p r o c e s s o r ' s  i n t e r n a l  a r ea s  fo r  t a b le s  and 
s ta c k s  to  the utm ost (Appendix I S e c t io n  1 ) .  A s i g n i f i c a n t  
in c r e a s e  in  the co re  s to r a g e  requirem ents  would not ease  th e  
s i t u a t i o n  a s ,  in  many computer i n s t a l l a t i o n s ,  th e  macro p r o c e s s o r  
would be r e le g a t e d  from o n - l in e  mode to  background batch mode.
This p o in t s  the need fo r  some form o f  o v e r la y  f a c i l i t y .
A g r ea t  weakness o f  the  F i l e t a b  to COBOL system  i s  th e  need  
to  su b d iv id e  i t  in t o  th ree  p h a se s ,  g e n e r a t in g ,  f i l i n g  and 
s y n t h e s i s i n g .  This coud be overcome i f  new m acro-tim e s ta te m e n ts  
to  e x p l o i t  the e x i s t e n c e  o f  the  macro s u b f i l e s  were d es ig n ed  and 
im plem ented. The a b i l i t y  to  r ea d , i n s e r t  and d e l e t e  s p e c i f i c  
s u b f i l e  r eco rd s  from w ith in  a macro d e f i n i t i o n  would prove a 
pow erfu l t o o l .  So too  would be the  im p lem en tation  o f  m acro-tim e  
s ta te m e n ts  to  en ab le  th e  output s t a c k ,  c o n ta in in g  the  g en e ra ted  
s ta te m e n ts ,  to  be emptied and th e  c o n te n ts  f i l e d  in  a s p e c i f i c  
s u b f i l e .
The macro p r o c e s so r  has f a c i l i t i e s  fo r  th e  e x t r a c t io n  o f  
c h a r a c te r  s t r i n g s  from th e  in p u t b u f f e r ,  namely the  m acro-tim e  
s ta te m e n ts  CALLFSTR and CALLVSTR. These a r e ,  however, l i m i t e d  to  
e ig h t  c h a r a c t e r s ,  the  maximum number which can be s to r e d  in  a 
l o c a l  or g lo b a l  v a r i a b l e .  T his  meant th a t  the t e x t  in fo rm a tio n  
from the  parameter r eco rd s  o f  th e  'TITLE and 'HEAD d i r e c t i v e s  
had to  be e x tr a c te d  p iecem ea l (Appendix I I I  S e c t io n s  5 and 6 ) .
 frrftnr]
T his  p o in t s  the need fo r  th e  d e s ig n  and im p lem en tation  o f  improved  
macro p r o c esso r  f a c i l i t i e s  fo r  h an d lin g  c h a r a c ter  s t r i n g s .
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3 .8  SUMMARY, APPRAISAL AND CONCLUSIONS
To an e x te n t  some o f  the d i f f i c u l t i e s  o u t l in e d  in  the  
p reced in g  s e c t i o n s  are  due to  the  s tr u c tu r e  and form o f  the" 
macro p r o c esso r  used  fo r  t h i s  p r o j e c t  and the  n atu re  o f  th e  COBOL 
la n g u a g e . However, th e  problem probably adm its  no r e a l l y  s im p le  
s o lu t io n  because  o f  th e  co m p lex ity  o f  the i n t e r l a c i n g  o f  th e  
program order  and th e  g e n e r a t in g  order o f  th e  COBOL s ta te m e n ts ,  
the  very v a r ia b le  s i z e  o f  the  item s  gen erated  and th e  volume o f  - 
th e  code to be g e n e r a te d .  I t  would, o f  c o u r se ,  probably  be 
p o s s ib l e  to  d es ig n  a s p e c i a l  purpose t r a n s la t o r  to  ca rr y  out  
the  t r a n s la t io n  e f f i c i e n t l y  fo r  th e  p a r t i c u l a r  language chosen  fo r  
th e  p r o j e c t .  The volume o f  code generated  when producing COBOL 
programs n e c e s s i t a t e s  the  use  o f  backing  s t o r e s  r a th e r  than main 
s t o r a g e .  This b e in g  s o ,  the e x i s t i n g  macro p r o c e s s o r  a t  l e a s t  
o f f e r s  th e  advantage o f  a c lo s e  in t e g r a t io n  between macro 
f a c i l i t i e s ,  f i l e  h a n d lin g  f a c i l i t i e s  and system  commands which  
c o n tr o l  the o p e r a t io n  o f  th e  sy stem .
The work d e sc r ib e d  in  t h i s  chapter  r e p r e s e n t s  p a r t  o f  th e  
f e a s i b i l i t y  s tu d y  fo r  t h i s  part o f  the p r o je c t , '  s in c e  once th e  
o v e r a l l  s t r u c tu r e  i s  d e f in e d  i t  i s  r e l a t i v e l y  ea sy  to  f i l l  i n  a l l  
th e  d e t a i l s  (Appendix I I I ) .
The p r o c esso r  d es ign ed  a s  the  r e s u l t  o f  th e s e  i n v e s t i g a t i o n s  
i s  a v a lu a b le  outcome o f  th e  p r o j e c t  in  the  s e n se  th a t  a sy stem  
fo r  ’growing program s’ and s y n t h e s i s in g  g e n e r a l  program s t r u c t u r e s  
i s  a p p l i c a b le  to any t a r g e t  lan g u a g e .
The method used fo r  th e  g e n e ra t io n  o f  COBOL programs u s in g  
th e  PG/1 macro p r o c e s so r  i s  in  marked c o n tr a s t  w ith  th a t  used  in  
th e  g e n e ra t io n  o f  FORTRAN programs [ 5] •  In FORTRAN th e  volume o f  
code g en era ted  fo r  each r o u t in e  was s i g n i f i c a n t l y  l e s s  and,  
because  i t  i s  a r e l a t i v e l y  u n stru c tu re d  la n g u a g e , the  o r d e r in g  o f
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gen era ted  s ta te m e n ts  d id  not p r e se n t  undue problem s. Only very  
sm a ll  s e c t i o n s  o f  o r i g i n a l  FORTRAN code were gen era ted  in  th e  main 
program, o th er w is e  e x t e n s iv e  u se  o f  pre-prepared  s u b r o u t in e s  was 
made. These su b r o u t in e s  were s p e c i a l l y  param etised  u s in g  the  
macro f a c i l i t i e s  so th a t  th ey  cou ld  be used to  g en era te  a wide  
v a r i e t y  o f  d i f f e r e n t  su b r o u t in e s  fo r  use in  d i f f e r e n t  s i t u a t i o n s .
The most im portant c o n c lu s io n  which may be drawn from the  
F i l e t a b  to COBOL g e n e r a t io n  stu d y  i s  t h a t ,  from the e x p e r ie n c e  
gained  and w ith  some m o d if ic a t io n s  to  the  macro p r o c e s s o r ,  t h i s  
approach can be used  to  c r e a te  a system  for  t r a n s l a t i n g  a problem  
s p e c i f i e d  in  a n on -p roced u ra l language in to  a program s p e c i f i e d  in  „,„ ,rj 
a proced u ra l la n g u a g e . Secondary c o n c lu s io n s  are  th a t  the  
gen era ted  COBOL i s  o f  rea so n a b le  q u a l i t y  and th a t  a COBOL program 
i s  much more d i f f i c u l t  to g e n era te  than a FORTRAN program 




ENHANCEMENTS FOR THE PG/1 MACRO PROCESSOR
4 .1  INTRODUCTION
The r e s u l t s  r ep o rted  in  S e c t io n  3*7» a s  s r e s u l t  o f  
ex p e r ie n c e  w ith  d e v e lo p in g  a F i l e t a b  to COBOL program g e n e r a to r ,  
h ig h l ig h t e d  a r ea s  where enhancements to the  PG/1 macro p r o c e s so r  
would enab le  COBOL programs to  be generated  more e f f e c t i v e l y .  In 
order to  s p e c i f y  a p r o c esso r  adequate to perm it th e  com p letion  o f  
th e  planned p r o je c t  th e  f o l lo w in g  main a r ea s  were i d e n t i f i e d  fo r  
improvement:
( 2 )  ’ 1 . The in t r o d u c t io n  o f  an o v e r la y  f a c i l i t y  to  reduce th e
core s to r a g e  demands o f  the  macro p r o c e s s o r ,  and thus make 
adequate space a v a i l a b l e  fo r  the macro p r o c e s s o r ’s  i n t e r n a l  s ta c k s  
and t a b l e s .
2 .  The p r o v is io n  o f  macro-tim e s ta te m e n ts  to  perm it the  
r e a d in g ,  w r i t in g ,  i n s e r t i o n  and d e le t io n  o f  r ec o r d s  in  th e  macro 
p r o c e s s o r ’s  d is c  based s u b f i l i n g  system .
3 .  The im p lem en tation  o f  m acro-time s ta te m e n ts  which a l lo w  
th e  PG/1 macro p r o c e s s o r ’s  output s ta c k ,  c o n t a in in g  gen era ted  
s ta te m e n ts ,  to  be em ptied when d e s ir e d  and th e  c o n te n ts  p r in t e d  
or f i l e d  in  a s p e c i f i e d  s u b f i l e .
4 .  The e x te n s io n  o f  th e  macro p r o c esso r  f a c i l i t i e s  fo r
c h a r a c ter  m a n ip u la t io n .
The d e s i r a b i l i t y  o f  im proving the  PG/1 macro p r o c es so r  
f a c i l i t i e s  in  th e  a r ea s  mentioned above was r e in fo r c e d  when th e  
p r a c t i c a l  c o n s id e r a t io n s  fo r  the  d es ig n  and im p lem en tation  o f  the  
computer d ia lo g u e ,  proposed in  Chapter 5» were taken in t o  a c c o u n t .
The fo l lo w in g  paragraphs o f  t h i s  chapter  s p e c i f y  in  g r e a t e r
d e t a i l  th e  f a c i l i t i e s  which would extend  th e  scop e  o f  a p p l i c a t i o n s  
fo r  th e  PG/1 macro p r o c e s s o r .  The subsequent im p lem en ta tion  o f
O
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most o f  the  p ro p o sa ls  l e d  to  the development o f  the  PG/2 macro 
p r o c e s s o r .  The form al s p e c i f i c a t i o n  o f  the  enhancements proposed  
fo r  th e  PG/2 macro p r o c esso r  are  g iven  in  Appendix IV, (The 
im plem entation  o f  th e  enhancements did  not form part o f  the  
c a n d id a t e ' s  work on t h i s  p r o j e c t . )  S e c t io n  4 , 8  g iv e s  an
a sse ssm en t  o f  the  PG/2 macro p r o cesso r  and th e  ch ap ter  co n c lu d es
■
w ith  a summary.
4 ,2  REDUCTION OF CORE STORAGE DEMANDS
The v a l id a t io n  o f  in p u t in  the F i le t a b  to  COBOL g e n e r a t io n  
stu d y  d escr ib ed  in  Chapter 3 was m inim al. In c o n t r a s t ,  e x t e n s iv e  
v a l id a t io n  o f  the  U s e r 's  r esp o n se s  to  the computer dominated  
d ia lo g u e  d escr ib ed  in  Chapter 5 i s  r e q u ir ed ,  b e fo r e  the  
in fo rm a tio n  th ey  c o n ta in  can be used to  g en era te  COBOL s ta te m e n ts .  
T his i s  p a r t i c u l a r l y  tru e  o f  the u s e r ' s  s p e c i f i c a t i o n s  fo r  th e  
s e l e c t i o n  o f  d a ta ,  r ep o r t  la y o u t  d es ig n  and own code p r o c e s s in g .  
E x ten s iv e  v a l id a t io n  o f  r esp o n se s  i s  a l s o  req u ired  in  th e  d ia lo g u e  
w ith  the  Data base A d m in is tr a to r ,  during th e  s e t t i n g  up and 
m aintenance o f  the  C atalogue o f  F i l e  d e s c r ip t io n s  ( 5 ,2  and 6 , 3 ) ,  
The m acro-tim e s ta te m e n ts  fo r  in p u t  v a l id a t io n  and fo r  th e  output  
o f  d ia g n o s t ic  m essages when e rr o r s  occur i s  very  demanding in  
terms o f  s to r a g e  req u irem en ts .  F o r tu n a te ly ,  th e  C atalogue  
m aintenance and problem s p e c i f y i n g  d ia lo g u e s  o f  the  COBOL 
g e n e r a t in g  system  can each be d iv id e d  in to  r e l a t i v e l y  in d ep en d en t  
s t a g e s .  T his  i s  comparable w ith  the way in  which each F i l e t a b  
d i r e c t i v e  was in d ep en d e n t ly  p ro cessed  in  the p r o j e c t  d e s c r ib e d  in  
Chapter 3» The development o f  a macro o v e r la y  f a c i l i t y  was 
t h e r e fo r e  a p r a c t i c a l  p r o p o s i t io n  from the COBOL g e n e r a t io n  p o in t  
o f  v iew .
The r eq u est  to  the  person m ain ta in in g  th e  macro p r o c e s s o r  





th e  CHAIN fe a tu r e  (Appendix IV S e c t io n  1 . 6 ) .  When used in  a macro 
d e f i n i t i o n  i t  c a u s e s ,  during the  second p ass  o f  the  macro 
(Appendix I S e c t io n  2 ) ,  the  c o n te n t s  o f  one or more macro 
d e f i n i t i o n s  to  be load ed  in t o  core  and fo r  one o f  the  macros to  be 
c a l l e d .  The newly load ed  macro d e f i n i t i o n s  r e p la c e  th o se  
p r e v io u s ly  in  c o r e .  A c o n tr o l  parameter a l lo w s  th e  u ser  to  
s p e c i f y  whether or not s t r i n g  v a r ia b le s  and /or  g lo b a l  v a r ia b le s  
are  to  be i n i t i a l i s e d  in  a d d i t io n  to  the r e i n i t i a l i s a t i o n  o f  the
macro p r o cesso r  s t a c k s .
The f o l lo w in g  an n ota ted  example i l l u s t r a t e s  th e  u se  o f  the







F i l e  s ta te m e n ts  fo r  macro 
d e f i n i t i o n s  STAGE2 and STAGE) 





D efine  end e x ec u te  the  STAGEI 
macro.
'imr/ j
During the second p a ss  in  th e  e x e c u t io n  o f  STAGEI, the  CHAIN 
s ta tem en t and the one f o l lo w in g  cause the  c o n te n t s  o f  s u b f i l e  
FILE2 to be loaded  in t o  core and macro STAGE2 to  be c a l l e d .  
Macros STAGE2 and STAGE) r e p la c e  STAGEI in  c o r e .  The zero  v a lu e  
fo r  th e  c o n tr o l  parameter i n d i c a t e s  th a t  g lo b a l  and s t r i n g  
v a r ia b le s  are  to remain unchanged, but th a t  th e  macro p r o c e s s o r
s ta c k s  are  to  be r e i n i t i a l i s e d .
The CHAIN f a c i l i t y  i s  e x t e n s i v e l y  used  du rin g  problem  
s p e c i f i c a t i o n  in  th e  COBOL g e n e r a t in g  system  ( 7 . 1 ) .
oo
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4 .3  REDUCTION IN THE USE OF LABELS
As macro d é f i n i t i o n s  become la r g e r  and more com p lica ted  the  
number o f  s ta tem en t l a b e l s  used becomes g r e a t e r ,  but th e  l a b e l  
ta b le  o f  the macro p r o c esso r  has o n ly  a l im i t e d  c a p a c i t y .  The 
la r g e r  macro d e f i n i t i o n s  tend to  make more u se  o f  the r o u t in e  
f a c i l i t y  provided by th e  OBEY and RETURN m acro-tim e s ta te m e n ts .
The OBEY sta tem en t s p e c i f i e s  th e  l a b e l  o f  th e  f i r s t  s ta tem en t in  
th e  r o u t in e  to be obeyed and a l s o  th e  la b e l  o f  the  s ta tem en t  to  
which the  retu rn  sh ou ld  be made. F req u en tly  th e  re tu rn  s ta tem en t  
i s  th a t  im m ediate ly  f o l lo w in g  th e  OBEY s ta te m e n t .  When t h i s  
s i t u a t i o n  occu rs  t h i s  p a ir  o f  in s t r u c t i o n s  i s  ex travagan t in  the  
u se  o f  l a b e l s .  Some ecconomy in  the  use o f  th e  l a b e l  t a b le  can, 
in  such c a s e s ,  be e f f e c t e d  by the p r o v is io n  o f  two new m acro-tim e
, . v
s ta te m e n ts  fo r  c a l l i n g  r o u t in e s ,  v i z  CALL and EXIT (Appendix IV 
S e c t io n s  1.1 and 1 , 1 0 ) .
The CALL sta tem en t r e q u ir e s  th a t  o n ly  th e  l a b e l  o f  th e  f i r s t  
s ta tem en t o f  the r o u t in e  to  be execu ted  should  be s p e c i f i e d .  The 
EXIT sta tem en t en su res  th a t  the  c a l l e d  r o u t in e  r e tu r n s  c o n t r o l  to  
th e  s ta tem en t f o l l o w in g  th e  CALL s ta te m e n t .  The examples which  
fo l lo w  i l l u s t r a t e  the  d i f f e r e n c e s  in  the use  o f  th e s e  p a ir s  o f  
s ta te m e n ts  and show th e  sa v in g s  made in  th e  u se  o f  s ta tem en t  
l a b e l s .  •
%DEF MACROA
#200
% OBEY 200,101  
#101   -
#  OBEY 2 00 ,102  















PG/1 macro p r o c esso r PG/2 macro p r o c e s so r
The CALL and EXIT macro-tim e s ta tem en ts  are  used e x t e n s i v e l y  
to  c o n t r o l  th e  e x e c u t io n  o f  r o u t in e s  in  the macros o f  the  COBOL 
g e n e r a t in g  system , e . g  r o u t in e s  PROMPT, SEARCH e t c  (Appendix V I ) .
O 4 . 4  ACCESS TO SUBFILES
The PG/1 macro p r o c e s so r  o n ly  perm its  a c c e s s  to  th e  d i s c  
based s u b f i l i n g  system  by means o f  System commands, e . g .  #LOAD, 
#FILE e t c ,  which may n o t be used w ith in  a macro d e f i n i t i o n .  This  
n e c e s s i t a t e d  the use  o f  th re e  p h a ses ,  v i z  G en era t ion , F i l i n g  and 
S y n t h e s i s ,  in  the F i l e t a b  to  COBOL g e n e ra t io n  s tu d y  ( 3 . 3 . 4 ) .
In order  to avo id  a s im i la r  in e le g a n t  s t a t e  o f  a f f a i r s  in  th e  
s e l f  t u t o r i a l  COBOL program g e n e ra to r ,  the p r o v is io n  o f  s u b f i l e '  
h a n d lin g  macro-time s ta te m e n ts  was o f  prime im p ortan ce . T h is  
requirem ent was emphasised by both the  need to  s t o r e  and a c c e s s  
th e  la r g e  volume o f  i n s t r u c t i o n a l  t e x t  and th e  need to  e x t r a c t
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i n f o r m a t i o n  f rom t h e  C a t a l o g u e  o f  F i l e  d e s c r i p t i o n s .  To m ee t  
t h e s e  r e q u i r e m e n t s  f i v e  new m a c r o - t i m e  s t a t e m e n t s  w ere  im p le m e n te d  
t o  e n a b l e  s p e c i f i c  s u b f i l e  r e c o r d s  t o  be a c c e s s e d  an d  m a n i p u l a t e d :  
SELECT ( A p p e n d ix  IV S e c t i o n  1 . 1 9 )
FREAD ( A p p e n d ix  IV S e c t i o n  1 . 1 1 )
REPLACE ( A p p e n d ix  IV S e c t i o n  1 . 1 7 )
INSERT ( A p p e n d ix  IV S e c t i o n  1 . l 4 )
DELETE (A p p e n d ix  IV S e c t i o n  1 . 8 )
The SELECT s t a t e m e n t  d e s i g n a t e s  t h e  s u b f i l e  t o  w h ich  
s u b s e q u e n t  r e c o r d  h a n d l i n g  m a c r o - t i m e  s t a t e m e n t s  r e f e r .  The named 
s u b f i l e  r e m a i n s  s e l e c t e d  u n t i l  s u p e r c e d e d  by  t h a t  g i v e n  i n  t h e  
n e x t  SELECT s t a t e m e n t  e x e c u t e d .
I n  t h e  o t h e r  f o u r  m a c r o - t i m e  s t a t e m e n t s  t h e  r e q u i r e d  r e c o r d  
i s  r e f e r e n c e d  by  i t s  s e q u e n c e  number w i t h i n  t h e  s u b f i l e .  The 
FREAD, REPLACE a n d  INSERT s t a t e m e n t s  p e r m i t ,  r e s p e c t i v e l y ,  t h e  
r e a d i n g ,  r e p l a c e m e n t  a n d  i n s e r t i o n  o f  a r e c o r d .  I n  t h e  f i r s t  
i n s t r u c t i o n  a  d e s i g n a t e d  s t r i n g  v a r i a b l e  i s  u s e d  t o  r e c e i v e  t h e  
d a t a  f rom  t h e  s u b f i l e  r e c o r d ,  w h i l e  i n  t h e  two l a t t e r  i n s t r u c t i o n s  
t h e  s t r i n g  v a r i a b l e  i s  u s e d  a s  t h e  s o u r c e  o f  t h e  r e p l a c e d  o r  
i n s e r t e d  d a t a .  The DELETE s t a t e m e n t  r e q u i r e s  t h a t  o n l y  t h e  number 
(^2) o f  t h e  r e c o r d  t o  be  d e l e t e d  s h o u l d  be  s p e c i f i e d .
O
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The f o l lo w in g  an n ota ted  macro o u t l in e  i l l u s t r a t e s  th e s e  new 




% FREAD 8 ,;^ 0 2
% REPLACE 8 ,^ 0 3
% INSERT
S e le c t  the DICTIONARY s u b f i l e  
fo r  amendment.
D e le te  the second r e c o r d .
Read the  data from the 8th  
record in t o  s t r i n g  v a r ia b le  
X%02.
Replace th e  8th  record  by the  
data in  s t r i n g  v a r ia b le  ; ^ 03*
I n s e r t  a new record  c o n ta in in g  
the data in  s t r i n g  v a r ia b le  
;^01 b e fo r e  th e  record  whose 
number i s  c o n ta in ed  i n  l o c a l  
v a r ia b le  ;^V1 .
#END
The Catalogue m aintenance macros ( 6 . 3 ) make e x t e n s iv e  use  
o f  th e s e  new m acro-tim e s ta te m e n ts .
O
4 .3  EMPTYING THE OUTPUT STACK
COBOL i s  a v erb ose  language and even a r e q u e s t  fo r  a s im ple  
r ep o rt  r e q u ir e s  the  g e n e ra t io n  o f  a f a i r  number o f  COBOL 
s ta te m e n ts .  Not o n ly  i s  th e  macro p r o c e s s o r 's  ou tp u t s ta c k  o f  
l im i t e d  c a p a c i t y ,  but the  gen erated  COBOL s ta te m e n ts  are  d e s t in e d  
fo r  d i f f e r e n t  macro d e f i n i t i o n  s u b f i l e s  ( 7 . 3 . 4 ) .  In the  PG/1 
macro p r o cesso r  th e  system  macro #SAVE i s  th e  o n ly  means o f  
emptying the output s ta c k  and d i r e c t i n g  the d i s p o s a l  o f  i t s  
c o n t e n t s ,  but i t  cannot be used from w ith in  a macro d e f i n i t i o n .  
The in t e r s p e r s io n  o f  #SAVE commands between c a l l s  to  macro 
d e f i n i t i o n s  was r e j e c t e d  in  the  F i l e t a b  to COBOL stu d y  ( 3 . 3 ) .
With th e  p r o v is io n  o f  th e  CHAIN f a c i l i t y  in  the  PG/2 macro
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p r o c e s s o r ,  which f a c i l i t a t e s  th e  autom atic  lo a d in g  and c a l l i n g  
o f  macro d e f i n i t i o n s t h e  use  o f  #SAVE i s  n o t ,  in  any c a s e ,  
p o s s ib le  u n t i l  th e  end o f  the  macro chain has been reach ed . In  
order to  a v o id  both the  o v er f lo w  o f  the output s ta c k  and th e  need  
to  have th re e  p h a se s ,  a s  in  the  F i l e t a b  to COBOL g e n e r a t io n  s tu d y ,  
a d d i t io n a l  s ta c k  em ptying f a c i l i t i e s  are r e q u ir e d .
In order  to  s a t i s f y  the  above requirem ents  two new 
macro-tim e s ta te m e n ts ,  PRINT and SAVE, were form ulated  (Appendix  
IV S e c t io n s  1 .1 6  and I . I 8 ) .  The proposed s ta te m e n ts  have a sy n ta x  
and sem an tic s  which are  c o n s i s t e n t  w ith  o th er  f a c i l i t i e s  c u r r e n t ly  
p rovided  by the PG/1 macro p r o c e s s o r .
The PRINT s ta tem en t ca u ses  the output s ta c k  to be em ptied  
and th e  c o n te n ts  p r in te d  on the  u s e r ' s  term in a l i f  the macro 
p r o c esso r  i s  b e in g  used in  o n - l i n e  mode. I f  b atch  mode i s  used  
the s ta c k  c o n te n t s  i s  d ir e c t e d  to  the l i n e  p r i n t e r .
The SAVE m acro-tim e s ta tem en t cau ses  the output s ta c k  to  be 
em ptied and the c o n te n t s  d ir e c t e d  to the  s p e c i f i e d  s u b f i l e .  A 
c o n t r o l  parameter i s  used  to  i n d ic a t e  i f  th e  data i s  to  be s to r e d  
a t  th e  b eg in n in g  o f  th e  s u b f i l e  or appended a f t e r  the e x i s t i n g  




The f o l lo w in g  o u t l i n e  example i l l u s t r a t e s  the  use  o f  th e se  


























Generate s ta te m e n ts  in  the output  
s t a c k .
Empty the output s ta c k  and d ir e c t  
i t s  c o n te n ts  to  th e  b eg in n in g  o f  
the  OUTREC s u b f i l e .
Generate s ta te m e n ts  in  the ou tp u t  
s t a c k .
Empty the output s ta c k  and d ir e c t  
i t s  c o n te n ts  to th e  b eg in n in g  o f  
the WRITEREC s u b f i l e .
Generate s ta te m e n ts  in  the ou tp u t  
s t a c k .
Empty the output s ta c k  and append 
i t s  c o n te n ts  to  th e  OUTREC s u b f i l e .
Generate s ta te m e n ts  in  th e  o u tp u t  
s t a c k .
Empty the output s ta c k  and p r in t  
the  c o n t e n t s .
O The im plem entation  o f  th e se  macro-time s ta te m e n ts  i s  
d is c u s s e d  aga in  in  S e c t io n  4.8^
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4 . 6  STRING HANDLING FACILITIES 
4 . 6 s t r i n g  e x t r a c t io n
The p ro p o sa ls  fo r  the  s e l f  t u t o r i a l  COBOL g e n e r a t io n  system  
in v o lv e  a c o n s id e r a b le  amount o f  ch a ra c ter  m a n ip u la t io n ,  both  in  
th e  v a l id a t io n  o f  u s e r ' s  r e sp o n se s  and the e x t r a c t io n  o f  r e le v a n t  
in fo rm a tio n  fo r  in c l u s i o n  in  the  generated  COBOL s ta te m e n ts .  The 
PG/1 macro p r o c e s s o r ' s  s t r i n g  e x t r a c t io n  s ta te m e n ts ,  CALLFSTR and 
CALLVSTR, perm it the e x t r a c t io n  o f  f ix e d  and v a r ia b le  le n g th  
c h a r a c ter  s t r i n g s  r e s p e c t i v e l y .  As the c h a r a c te r s  are  e x tr a c te d  
i n t o  l o c a l  or g lo b a l  v a r i a b l e s ,  e ig h t  i s  the  maximum number o f  
O c h a r a c te r s  which may be e x tr a c te d  a t  one t im e .  In th e  F i l e t a b
to  COBOL g e n e ra t io n  s tu d y  t h i s  r e s t r i c t i o n  l e d  to r e p e t i t i v e  
c o d in g .  For example, to  e x t r a c t  th e  f i r s t  48 c h a r a c te r s  from th e  
in p u t  b u f fe r  and u se  them in  the  g en e ra t io n  o f  a COBOL s ta tem en t  
to  d e f in e  the v a lu e  o f  an alphanumeric l i t e r a l ,  s i x  u s e s  o f  
CALLFSTR are  needed to p la c e  th e  48 c h a r a c ter s  in  s i x  d i f f e r e n t  
v a r i a b l e s .
To a l l e v i a t e  th e  above s i t u a t i o n  the PG/2 macro p r o c e s s o r  
p r o v id e s  two new macro—tim e s ta te m e n ts  for  e x t r a c t i n g  f i x e d  and 
v a r ia b le  le n g th  s t r i n g s ,  v i z  FSTR and VSTR (Appendix IV S e c t io n s  
1 .1 2  and 1 .2 3 ) .  They are  pow erfu l in s t r u c t i o n s  fo r  not o n ly  do 
th ey  perm it the  e x t r a c t io n  o f  up to  72 c h a r a c te r s  in t o  a s t r i n g  
v a r i a b l e ,  but the sou rce  may be any s t r i n g  v a r ia b le  or th e  in p u t  
b u f f e r .  The above m entioned problem may now be s o lv e d  more 
c o n c i s e l y  by u s in g  a s t r i n g  v a r i a b l e ,  say  ; ^ 0 1 ,  to  s t o r e  th e  
e x tr a c te d  c h a r a c te r s :
#  FSTR1 ,1 ,4 8
The absence o f  the second parameter in  th e  FSTR s ta te m e n t  
i n d i c a t e s  th a t  th e  c h a r a c te r s  are  e x tr a c te d  from th e  in p u t  b u f f e r  




v a r ia b le  ;^ 0 2 ,  then th e  above example would have been w r i t t e n  a s  
fo l lo w s ;
% FSTR1 ; ^ 0 2 ,1 ,4 8
The v a r ia b le  le n g th  s t r i n g  i n s t r u c t i o n ,  VSTR, i s  s im i la r  
in  form to  FSTR e x cep t  th a t  th e  f i n a l  parameter i s  th e  marker 
w hich, when encountered  in  th e  sou rce  d a ta ,  te r m in a te s  the  
o p e r a t io n .
4 . 6 . 2  Comparison o p e r a to r s
( 2 )  The PG/1 macro p r o c esso r  r e s t r i c t s  to  fou r  th e  IF s ta tem en t
o p e r a to r s  a v a i la b le  fo r  use  w ith  s t r i n g  operands, namely IN, AT,
EQ and NE (Appendix I S e c t io n  5 ) . .  In the PG/2 macro p r o c e s so r  
th e s e  are  supplem ented by four more o p e ra to rs  (Appendix IV 
S e c t io n  1 .1 3 ) :
LE ( l e s s  than or equal to )
LT ( l e s s  than)
GE (g r e a te r  than or equal to )
GT (g r e a te r  than)
T ogether w ith  th e  enhanced s t r i n g  e x t r a c t io n  f a c i l i t i e s ,  th e  new 
IF s ta tem en t o p e r a to r s  p rov id e  u s e r s  o f  the PG/2 macro p r o c e s so r  
w ith  pow erful i n s t r u c t i o n s  fo r  v a l i d a t i n g  and o r d e r in g  c h a r a c te r  
s t r i n g  d a ta .
4 . 6 . 3  Removing sp a ces  from S t r in g  valued  v a r ia b le s
The PG/1 macro p r o c e s so r  p ro v id e s  the SQUASH m acro-tim e  
s ta tem en t fo r  the removal o f  sp a c es  from s t r i n g  data in  th e  in p u t  
b u f f e r .  When th e  s t r i n g  data from which i t  i s  d e s ir e d  to  remove 
s p a c es  i s  in  e i t h e r  a l o c a l  or g lo b a l  v a r ia b le  s i x  s ta te m e n ts  
are  req u ired  to  a c h ie v e  the d e s ir e d  e f f e c t ;
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I S r£"’ “““
SQUASH Remove s p a c e s .
% ;^OUP=;^STC R estore  th e  squashed data
% CALLFSTR(;^V1,1,0) to  ;^V1
The PG/2 macro p r o c e s so r  does away w ith  t h i s  i n e f f i c i e n c y  by means 
o f  a new macro-tim e s ta te m e n t ,  CALL SQUA (Appendix IV S e c t io n  1 .4 )  
T his s ta tem en t e n a b le s  the above s i x  s ta te m e n ts  to  be r e p la c e d  by 
th e  f o l lo w in g  s ta tem en t;
% CALL SQUA ;^V1
4.6.4 Concatenating String valued variables
The c o n c a te n a t io n  o f  ch a r a c ter  data in  a s t r i n g  v a r ia b le  i s  
e f f e c t e d  in  the PG/1 macro p r o c esso r  by means o f  the  DEPOSIT 
s ta te m e n t .  For exam ple, to  co n ca ten a te  the c o n te n t s  o f  l o c a l  
v a r ia b le  ;^V2 and s t r i n g  v a r ia b le  ;^01 the f o l lo w in g  s ta tem en t i s  
used;
% DEP0SIT1
I f  th e  co n caten ated  data r e s u l t s  in  a sh ort  s t r i n g  o f  e ig h t  or  
l e s s  c h a r a c t e r s ,  i t  i s  uneconomic to use a s t r i n g  v a r ia b le  when a 
( 2 )  l o c a l  or g lo b a l  v a r ia b le  would s u f f i c e .  To cover  t h i s  e v e n t u a l i t y
th e  PG/2 macro p r o c esso r  in tr o d u c e s  the CALL DPOS macro^time 
s ta tem en t  (Appendix IV S e c t io n  1 . 2 ) .  This e n a b le s  e i t h e r  t e x t  or  
the s t r i n g  c o n te n ts  o f  a l o c a l  or  g lo b a l  v a r ia b le  to  be 
co n ca ten a ted  w ith  the  c h a r a c te r s  in  another l o c a l  or  g lo b a l  
v a r ia b le .  The r e s u l t  i s  a lw ays tru n cated  i f  i t  ex ceed s  e ig h t  
c h a r a c t e r s ,  the maximum p o s s ib l e  in  such a v a r i a b l e .  For exam ple, 
to  co n ca ten a te  the c o n te n t s  o f  l o c a l  v a r ia b le  ;ft,V1 w ith  th a t  o f  
g lo b a l  v a r ia b le  ;^V2 we w r ite ;
% CALL DPOS ;^V2,/^V1
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I f  i^V2 and ^ V 1  i n i t i a l l y  co n ta in ed  'ABCDEF* and 'GHIJKL' 
r e s p e c t i v e l y ,  the r e s u l t i n g  c o n te n ts  o f  ;fÙV2 would be 'ABCDEFGH'.
4.6 .5  In terch a n g in g  c h a r a c te r s
When m an ip u la tin g  a c h a ra cter  s t r i n g  i t  i s  sometimes  
d e s ir a b le  to  in ter c h a n g e  c h a r a c t e r s .  In order to meet t h i s  need  
th e  PG/2 macro p r o c e s so r  p r o v id es  two new m acro-tim e s ta te m e n ts ,  
CALL SWAP and SWAP (Appendix IV S e c t io n s  1 .5  and 1 .2 1 ) .  The 
former i s  a p p l ic a b le  to  ch a r a c ter  s t r in g s  in  l o c a l  and g lo b a l  
v a r i a b l e s ,  w h ile  the  l a t t e r  a p p l i e s  to  the c o n te n t s  o f  s t r i n g  
2 )  . v a r i a b l e s .  Each s ta tem en t r e q u ir e s  th ree  arguments:
1,. The v a r ia b le  name or s t r i n g  v a r ia b le  number.
2 .  The ch a r a c ter  to  be r e p la c e d .
3* The replacing character.
S in g le  or m u lt ip le  o ccu rr e n c es  o f  the  second argument c h a r a c te r
a re  rep la ce d  by a s i n g l e  occu rren ce  o f  the t h ir d  argument 
c h a r a c te r .  The SWAP s ta tem en t can a l s o  be a p p l ie d  to  the  c o n te n t s  
o f  e i t h e r  the  in p u t  or output b u f f e r .  In th e  former c a se  th e  
f i r s t  parameter i s  o m it te d ,  w h ile  in  the l a t t e r  c a se  i t  i s  g iv en  
th e  v a lu e  z e r o .
I f , g iven  th e  s t r i n g  'ABBCDBEF', i t  i s  d e s ir e d  to  r e p la c e  
'B' by 'G* so th a t  th e  s t r i n g  becomes 'AGCDGEF', then one o f  th e  
f o l lo w in g  macro-tim e s ta te m e n ts  can be used to  a c h ie v e  th e  
d e s ir e d  r e s u l t .  The f i r s t  s ta tem en t i s  a p p l i c a b le  i f  the  g iv e n  
ch a r a c ter  s t r i n g  i s  in  a l o c a l  v a r ia b le  c a l l e d  ;^ V 1, w h ile  th e  
second s ta tem en t i s  used  i f  th e  g iv e n  s t r i n g  i s  in  s t r i n g  
v a r ia b le  / ^ 0 1 .
%: CALL SWAP ^ V 1 , B, G




4 . 6 . 6  E xtension  o f  SQUASH and DEPOSIT
The SQUASH sta tem en t o f  th e  PG/1 macro p r o c esso r  e n a b le s  
sp a c es  in  the  in p u t b u f fe r  to be removed. In the  PG/2 macro 
p r o c e s so r  t h i s  f a c i l i t y  i s  extended so th a t  sp a c e s  can be removed 
from any d e s ig n a te d  s t r i n g  v a r i a b l e .  The new form o f  th e  
s ta tem en t  i s :
#  BQUASHn
where n d en otes  the  number o f  the s t r i n g  v a r ia b le  from which
sp a c es  are  to  be removed (Appendix IV S e c t io n  1 . 2 0 ) .  I f  n i s  
o m itted  then the  o p e r a t io n  a p p l ie s  to  the in p u t b u f fe r  a s  in  th e  
2 )  PG/1 v e r s io n .  I f  n i s  zero then th e  output b u f fe r  w i l l  be
op era ted  on . G lobal v a r ia b le  ^STC i s  s t i l l  used by the  new 
macro-tim e sta tem en t to s t o r e  th e  ch a ra cter  count o f  the  
r e s u l t a n t  s t r i n g .
The PG/1 macro p r o cesso r  s ta tem en t
#  DEPOSITn ( c h o i c e ) /
c o p ie s  th e  chosen c h a r a c ter  s t r i n g ( s )  in t o  th e  d e s ig n a te d  s t r i n g  
v a r ia b le  /B n ,  s t a r t i n g  a t  th e  f i r s t  a v a i la b le  ' u n f i l l e d '  
ch a r a c te r  p o s i t i o n .  I f  n i s  zero  the  output b u f fe r  i s  used  a s  
th e  r e c e iv in g  s t r i n g .  The PG/2 macro p r o c esso r  ex ten d s  t h i s  
cop yin g  f a c i l i t y  to  in c lu d e  the  in p u t b u ffe r  a s  a r e c e i v i n g  s t r i n g  
(Appendix IV S e c t io n  1 . 9 ) .  This i s  a ch iev ed  by o m it t in g  a v a lu e  
fo r  n in  the DEPOSIT s ta te m e n t .  ^
4 . 6 . 7  Length o f  v a r ia b le s  and s t r i n g s
In the  PG/1 macro p ro c esso r  th e  le n g th  o f  a v a r ia b le  or  a 
s t r i n g  can o n ly  be determ ined by p la c in g  i t  in  th e  in p u t  b u f f e r ,  
e x e c u t in g  a SQUASH s ta tem en t and in t e r r o g a t in g  the v a lu e  in  g lo b a l  




method i s  not u s e f u l  i f  the  s t r i n g  whose le n g th  i s  req u ired  
c o n ta in s  imbedded s p a c e s ,  a s  th ey  are  not in c lu d e d  in  th e  ch a r a c ter  
c o u n t .  To overcome th e s e  d e f i c i e n c i e s  the  PG/2 macro p r o c e s so r
p r o v id e s  a new m acro-tim e s ta tem en t CALL LENV (Appendix IV S e c t io n
1 . 3 ) .  The name o f  th e  v a r ia b le  or s t r i n g  whose le n g th  i t  i s  
d e s ir e d  to  know i s  su p p l ie d  a s  a s ta tem en t param eter, e . g .
#  CALL LENV /LVI 
%  CALL LENV / S 03
G lobal v a r ia b le  /GSTC i s  s e t  to  th e  le n g th  o f  th e  g iv en  v a r ia b le  
or  s t r i n g .
4 . 6 . 8  Copy arguments in t o  s t r i n g s
The PG/1 macro argument f a c i l i t y  a l lo w s  numeric arguments
to  be a s s ig n e d  to  e i t h e r  l o c a l  or g lo b a l  v a r i a b l e s ,  a s  shown in
th e  f o l lo w in g  exam ple, where th e  /  c h a ra c ter  i s  used  to  d en ote
th e  argument marker:
#DEF EXAMPLEK/,/)
% / 1 V 1 = /1 : 1 /
% /L V 2 = /1 :2 /




A fte r  th e  e x e c u t io n  o f  th e  above macro c a l l ,  l o c a l  v a r ia b le s  /L V 1, 
/LV2 and /LV3 w i l l  co n ta in  the  v a lu e s  3 i  4 and 8 r e s p e c t i v e l y .
I t  i s  not however p o s s ib l e  to  copy ch a ra cter  s t r i n g  arguments in t o  
s t r i n g  v a r i a b l e s ,  because  the DEPOSIT macro-tim e s ta tem en t  does  
n o t in c lu d e  macro arguments among the  p o s s ib l e  c h o ic e s .  T h is  
r e s t r i c t i o n  i s  removed in  th e  PG/2 macro p r o c e s so r  (Appendix IV 
S e c t io n  1*9)» where i t  i s  p o s s i b l e  to  w r ite  s ta te m e n ts  o f  th e  typ e  




% / L V 1 = / 1 : 1 /
#  /1 V 2 = /1 : 3 /
% RESET /B01
% DEP0SIT1 / 1 : 2 / /
#END
% EXAMPLE2( 5 , PART-NUMBER, 8 )
A f t e r  t h e  e x e c u t i o n  o f  t h e  a b o v e  macro  c a l l ,  l o c a l  v a r i a b l e s  /L VI  
a n d  /LV2 w i l l  c o n t a i n  t h e  v a l u e s  5 and  8 r e s p e c t i v e l y .  S t r i n g  
v a r i a b l e  / B o 1 w i l l  c o n t a i n  t h e  c h a r a c t e r  s t r i n g  ' PART-NUMBER' .
4 . 7  OTHER FACILITIES
D u r i n g  t h e  p r e l i m i n a r y  i n v e s t i g a t i o n s  a s s o c i a t e d  w i t h  t h e  
d e s i g n  o f  t h e  s e l f - t u t o r i a l  COBOL g e n e r a t i n g  s y s t e m ,  t h r e e  o t h e r  
d e s i r a b l e  macro  p r o c e s s o r  f a c i l i t i e s  were  i d e n t i f i e d :
1 .  The p r o v i s i o n  o f  r e s e r v e d  g l o b a l  v a r i a b l e s  c o n t a i n i n g  
t h e  c u r r e n t  d a t e  an d  t i m e  an d  m a c r o - t i m e  s t a t e m e n t s  w h ic h  e n a b l e  
t h e i r  c o n t e n t s  t o  be  u p d a t e d  a s  r e q u i r e d .
2 .  The e x t e n s i o n  o f  t h e  a r i t h m e t i c  o p e r a t i o n  f a c i l i t i e s
t o  i n c l u d e  m u l t i p l y  a n d  d i v i d e  o p e r a t o r s .
3 .  To i n c r e a s e  t h e  number o f  s u b f i l e s  i n  t h e  PG/1 m acro  
p r o c e s s o r ' s  d i s c  b a s e d  f i l i n g  s y s t e m ,  w hich  i s  c u r r e n t l y  l i m i t e d
( 2 )  t o  a maximum o f  30  s u b f i l e s .
4 . 7 .1  D a te  an d  Time
As t h e  C a t a l o g u e  s u b f i l e  ( 6 . 3 ) i s  u p d a t e d  ' i n  p l a c e ' ,  i t  i s  
e s s e n t i a l  f o r  s e c u r i t y  p u r p o s e s  t o  make ' b a c k  u p '  c o p i e s  a t  
r e g u l a r  i n t e r v a l s .  R e c o v e r y  p r o c e d u r e s  c a n ,  i n  t h e  e v e n t  o f  a 
f a i l u r e ,  be c a r r i e d  o u t  more  r e a d i l y  i f  t h e  d a t e  a n d  t i m e  o f
c r e a t i o n  o f  t h e  s u b f i l e  a r e  known.  To meet  t h i s  n e e d  t h e  PG/2
macro p r o c e s s o r  p r o v i d e s  two new m a c r o - t i m e  s t a t e m e n t s , DATE a n d  
TIME ( A p p e n d ix  IV S e c t i o n s  1 . 7  a n d  1 . 2 2 ) .  T h e s e  c a u s e  t h e  c u r r e n t
oo
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date  and time in  c h a r a c ter  form to be s to r e d  in  new g lo b a l  
v a r ia b le s  /BCDT and /BCTM r e s p e c t iv e ly *  When used in  a macro 
d e f i n i t i o n ,  the  DATE end TIME s ta tem en ts  w i l l  cause /GCDT and 
/GCTM each to  c o n ta in  e ig h t  c h a r a c te r s  in  th e  form DD/MM/YY ( i . e .  
day, month, year) and HH/MM/SS ( i . e .  h ou rs, m in u te s ,  secon d s)  
r e s p e c t i v e l y .
Each time th e  CATALOGUE s u b f i l e  i s  updated , th e  c o n te n t s  
o f  th e s e  g lo b a l  v a r ia b le s  i s  in c lu d e d  in  the  f i r s t  record  o f  the  
s u b f i l e .  Their c o n te n t s  are  a l s o  p r in ted  o u t fo r  the  Data base  
A d m in is tr a to r 's  in fo rm a tio n  (S e c t io n  6 . 3 ) .
4 . 7 .2  Extended A r ith m etic
The need fo r  m u lt ip ly  and d iv id e  o p e r a to r s  was h ig h l ig h t e d
by:
1 . The c a l c u l a t i o n s  req u ired  to m ain ta in  th e  record  cou n ts  
i n  th e  CATALOGUE s u b f i l e .
2 .  The c a l c u l a t i o n s  to e s t a b l i s h  the cu rren t  record  number 
during the  b in ary  sea rch  o f  a s u b f i l e  (Appendix VI S e c t io n  2 ) .
3 .  The c a l c u l a t i o n s  a s s o c ia t e d  w ith  l i n e  counts  in  th e  
p r e p a r a t io n s  fo r  showing the u se r  a sample r ep o r t  page ( 7 *25 ) •
These are  provided in  the  PG/2 macro p r o c e s s o r ,  which u s e s  th e  
c o n v e n t io n a l  computer language symbols * and /  to  denote th e  
m u lt ip ly  and d iv id e  o p e r a to r s  r e s p e c t i v e l y  (Appendix IV S e c t io n  5)*  
The order  in  which the  a r i th m e t ic  o p e r a t io n s  in  an e x p r e s s io n  are  
c a r r ie d  out i s  s t r i c t l y  from l e f t  to  r i g h t .  Thus a f t e r  th e  
e v a lu a t io n  o f  the  f o l l o w in g  s ta te m e n t ,  /LV1 w i l l  c o n ta in  th e  
v a lu e  7 «
%  /LV 1=2+8/3»4-3
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4 . 7 . 3  Main f i l e  f a c i l i t y
The COBOL rep o r t  program g e n e ra t in g  system  (S e c t io n  7 .2 )
r e q u ir e s  the  use o f  e la r g e  number o f  s u b f i l e s  fo r  the s to r a g e  o f
' / 
macro d e f i n i t i o n s ,  common d a ta ,  d ia lo g u e  t e x t ,  e t c .  However, the
d e s ig n  o f  the  PG/1 macro p ro c esso r  a l lo w s  a maximum o f  J>0 s u b f i l e s
in  the  s u b f i l e  d ir e c t o r y  when i t s  d is c  f i l e  i s  i n i t i a l i s e d .  In
order  to  overcome t h i s  l i m i t a t i o n  w ith out hav in g  to  co m p le te ly
r e s t r u c t u r e  the s u b f i l i n g  system , th e  PG/2 macro p r o cesso r  has a
f a c i l i t y  which p erm its  the use  o f  any number o f  d i s c  f i l e s ,  each
c o n ta in in g  a maximum o f  30 s u b f i l e s .
2 )  The MAINFILE f a c i l i t y ,  implemented in  th e  PG/2 macro
p r o c esso r  in  th e  form o f  a system-macro (Appendix IV S e c t io n  3)
and a macro-time s ta tem en t  (Appendix IV S e c t io n  1 . 1 3 ) ,  a l lo w s  th e
; u se r  to  change th e  name o f  the  c u r r e n t ly  r e fe r e n c e d  d is c  f i l e  a t
w i l l .
Thus to  change the  name o f  the main f i l e  to  FIRSTMASTER 
b e fo r e  lo a d in g  and c a l l i n g  a macro d e f i n i t i o n ,  the u se r  would u se  
th e  system  macro;
#MAINFILE, FIRSTMASTEI^
Within a macro d e f i n i t i o n ,  a u ser  w ish in g  to  change the name o f  
th e  c u r r e n t ly  s e l e c t e d  mai n f i l e  to  SECONDMASTER would u se  th e  
fo l lo w in g  m acro-tim e s ta tem en t;
% MAINFILE,SECONDMASTER
■ 4 . 8  ASSESSMENT OF THE PG/2 MACRO PROCESSOR
In the  development o f  the macro p r o c esso r  from MP/1 through
PG/1 to  PG/2, th e  power o f  the p r o cesso r  has been in c r e a s e d .
What was d es ign ed  a s  a language p rep ro cesso r  ( t o  extend  an e x i s t i n g  




1* T ra n s la te  d ia lo g u e  in t o  FORTRAN#
2 .  T ra n s la te  d ia lo g u e  in t o  COBOL.
The system , whose s t r e n g th s  l i e  in  i t s  s t r i n g  h a n d lin g  and 
ex p a n s io n -t im e  f a c i l i t i e s ,  i s  c l e a r l y  g e n e r a l  purpose and 
r ea so n a b ly  f l e x i b l e .
The w eaknesses o f  the macro p r o cesso r  a r i s e  from i t s  
r e l a t i v e l y  low l e v e l  language w ith  i l l  d e f in ed  sy n ta x  and poor  
d ia g n o s t i c s  -  the  l a t t e r  are a r e s u l t  o f  i t s  h i s t o r y .  As f a r  a s  
the  p r e se n t  p r o je c t  i s  concerned th e  main w eaknesses  l i e  i n  th e  
m is s in g  f e a t u r e s  i d e n t i f i e d  below:
1 . S u b scr ip ted  v a r ia b le s .
2 .  S u b rou tin es  w ith  names and p aram eters .
3# S e p a r a te ly  com piled segm ents (CHAIN p r o v id es  t h i s  in
p a r t ) .
The m a jo r ity  o f  th e  PG/2 macro p r o cesso r  enhancements 
d e scr ib e d  in  Appendix IV were s u c c e s s f u l l y  and e f f i c i e n t l y  
im plem ented, but th e  two f o l lo w in g  fe a tu r e s  r e q u ir e  fu r th e r  
c o n s id e r a t io n :
1 . The f a c i l i t y  to  empty th e  output s ta c k  from w ith in  a 
macro d e f i n i t i o n .
2 .  The r e a d in g ,  rep la cem en t,  i n s e r t i o n  and d e l e t io n  o f  
s u b f i l e  r e c o r d s .
4 . 8 . 1  Emptying th e  Output Stack
The p r o p o sa ls  fo r  emptying the  macro p r o c e s so r  output s ta c k  
from w ith in  the body o f  a macro by two new m acro-tim e s ta te m e n ts ,  
PRINT and SAVE, proved d i f f i c u l t  to  im plem ent. The s t r u c t u r e  o f  
th e  PG/1 macro p r o c esso r  i s  such th a t  m a te r ia l  i s  o n ly  t r a n s f e r r e d  
to  th e  output s ta c k  when th e  #END sta tem en t which te r m in a te s  the  
macro body i s  en co u n tered . In order  to  implement th e  proposed
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SAVE and PRINT m acro-tim e s ta te m e n ts ,  c o n s id e r a b le  r e s t r u c t u r in g  
o f  the  macro p ro c esso r  was found to  be n e c e s s a r y .  The manpower 
and f i n a n c i a l  r e s o u r c e s  were not a v a i la b le  to  undertake t h i s  
major r e o r g a n is a t io n  in  th e  PG/2 v e r s io n  o f  th e  macro p r o c e s so r  
used fo r  th e  p r a c t i c a l  work o f  t h i s  p r o j e c t .
4 . 8 . 2  A ccess  to  s u b f i l e  reco rd s
F iv e  m acro-tim e s ta te m e n ts ,  SELECT, FREAD, REPLACE, INSERT 
and DELETE, were implemented to  p rovide  f a c i l i t i e s  fo r  a c c e s s in g  
and amending the  c o n te n t s  o f  s u b f i l e s  w ith in  th e  PG/2 macro 
2 ) p r o c e s so r  f i l i n g  sy stem .
I d e a l l y  th e s e  m acro-tim e s ta tem en ts  sh ou ld  be a p p l ie d  to  
s u b f i l e s  w ith  d i r e c t  a c c e s s  or ind exed  s e q u e n t ia l  o r g a n i s a t io n .
The s u b f i l e s  w ith in  th e  PG/1 macro p ro cesso r  f i l i n g  system  a r e ,  
however, s e q u e n t i a l l y  o r g a n is e d .  In order to  a v o id  major changes  
to  the  s u b f i l i n g  sy stem , the  im plem entation  o f  th e s e  m acro-tim e  
s ta te m e n ts  in  th e  PG/2 v e r s io n  o f  the  macro p r o c e s s o r  was p e r fo r c e  
i n e f f i c i e n t .
To read the nth record  o f  a s u b f i l e  u s in g  th e  FREAD 
m acro-tim e sta tem en t the  fo l lo w in g  p r o c e s s in g  i s  r eq u ired :
1# Open th e  s u b f i l e  s p e c i f i e d  by the  p r e v io u s  SELECT 
m acro-tim e s ta te m e n t .
2 .  Read n r e c o r d s .
3* Return th e  nth record  to  the u s e r .
4 .  C lose  th e  s p e c i f i e d  s u b f i l e .
The im plem entation  o f  th e  REPLACE, INSERT and DELETE macro­
tim e s ta te m e n ts  r e l i e s  on the  f a c t  th a t  a s u b f i l e  can be read and 
w r i t t e n  a t  the  same t im e ,  p r o v id in g  th a t  the o p e r a t io n s  do n o t  




la r g e  enough to ho ld  th e  c o n te n ts  o f  1 bucket (128 words) p lu s  a 
l i t t l e  work s p a c e ,  t h i s  s i t u a t i o n  i s  a v o id ed . A lso  th e  macro 
p r o c e s so r  f i l i n g  system  has two 128-word b u f f e r s  o f  i t s  own, one 
fo r  "read and one fo r  w r i t e .  The macro-time s ta te m e n ts  fo r  
amending the  c o n te n t s  o f  th e  nth s u b f i l e  reco rd  r e q u ir e s  th e  
fo l lo w in g  p r o c e s s in g :
1 . Open th e  s u b f i l e  s p e c i f i e d  by the p r e v io u s  SELECT
m acro-tim e s ta te m e n t .
2 .  Read and w r i te  a l l  reco rd s  up to th e  nth  r e c o r d .
3* R ep lace , d e l e t e  or i n s e r t  the  nth record  a s  r e q u ir e d .
4 .  Read and w r i te  th e  r e s t  o f  the  s u b f i l e  r eco rd s  u n t i l
th e  end o f  the f i l e  i s  reach ed .
3* C lose  th e  s p e c i f i e d  s u b f i l e .
For s u b f i l e s  c o n ta in in g  5 or 6 reco rd s  t h i s  method o f  
im plem enting a c c e s s  to  reco rd s  i s  a c c e p t a b le .  However, fo r  
l a r g e r  s u b f i l e s ,  e s p e c i a l l y  the  Catalogue o f  F i l e  d e s c r ip t io n s  
and th o se  contia in ing th e  i n s t r u c t i o n a l  t e x t ,  th e  d e la y s  are  
u n a c c e p ta b le .  For exam ple, the  i n s t r u c t i o n a l  t e x t  fo r  th e  f i r s t  
s ta g e  o f  th e  problem s p e c i f y i n g  d ia lo g u e  o c c u p ie s  44 r e c o r d s  in  
th e  DIAL1 s u b f i l e .  The p r o c e s s in g  in  the STAGEI macro ( 7 . 8 )  
c o n s i s t s  m ain ly  o f  r ea d in g  the DIAL1 s u b f i l e  r eco rd s  and 
o u t p u t t in g  t h e i r  c o n te n t s  on the  u s e r ' s  te r m in a l .  During th e  
e x e c u t io n  o f  the STAGEI macro th e  output o f  th e s e  44 l i n e s  o f  
t e x t  on a 10 c h a r a c te r s  per second t e l e t y p e  took a p p ro x im a te ly  
11 m in u tes .  The i n t e r v a l  between th e  output o f  l i n e s  le n g th en ed  
n o t i c e a b l y  towards th e  end o f  th e  s u b f i l e .  An output tim e o f  5 
m inutes  would have been more a c c e p t a b le ,  a s  t h i s  would have k ep t  
th e  t e l e t y p e  a lm ost c o n t in u o u s ly  in  o p e r a t io n .
I t  i s  a p p re c ia te d  th a t  the  term in a l r e sp o n se  t im es  and 
a c c e s s  to  d is c  f i l e s  in  a m u lt iu s e r  o p e r a t in g  system  a re  dependent
■'I'-
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on the  reso u rce  demands o f  o th er  u s e r s ,  and th a t  not a l l  th e  
p r in t in g  d e la y s  can be a t t r ib u t e d  to the  i n e f f i c i e n t  im plem entation  
o f  th e  macro-time s ta te m e n ts .  N e v e r th e le s s ,  th e  l a t t e r  are  
s i g n i f i c a n t  enough to  reduce the  e f f e c t i v e n e s s  o f  the  COBOL 
r e p o r t  program g e n e r a t in g  system  based on th e  e x i s t i n g  PG/2 
p r o c e s s o r .
4 .9  SUMMARY. APPRAISAL AND CONCLUSIONS
The macro p r o c e s so r  enhancements s p e c i f i e d  fo r  th e  PG/2 
v e r s io n  (Appendix IV) prov id e  o n ly  the  b a s ic  f a c i l i t i e s  req u ir ed  
2 )  fo r  the g en e ra t io n  o f  COBOL programs. The s t r u c tu r e  o f  th e
macro p ro c esso r  i s  such t h a t ,  w ith in  the  r e s o u r c e s  th a t  were 
a v a i l a b l e ,  hot a l l  the enhancements could  be provided  end some 
cou ld  o n ly  be implemented i n e f f i c i e n t l y .
The la ck  o f  some d e s ir a b le  f e a tu r e s  and th e  i n e f f i c i e n t  
im plem entation  o f  o th e r s  tended to  prolong the tim e taken o v er  
th e  p r a c t i c a l  development o f  COBOL g e n e ra t in g  m acros. The la c k  
o f  th e  b a s ic  s ta c k  emptying f a c i l i t y  p rec lu d es  th e  com plete  
development o f  the  proposed system  beyond th e  fo u r th  s ta g e  ( 6 . 2 . 2 ) .
The c o n c lu s io n  i s  t h a t ,  a lth o u g h  not an i d e a l  t o o l  f o r  the  
g e n e r a t io n  o f  COBOL programs, th e  PG/2 macro p r o c e s so r  s e r v e s  to  
i d e n t i f y  the  c h a r a c t e r i s t i c s  o f  an a p p ro p r ia te  t o o l  (Appendix X I ) .
O




In t h i s  ch ap ter  th e  I n t e r f a c e  between the  c a s u a l  computer 
u se r  and the COBOL rep o r t  program g e n e ra t in g  system  i s  d i s c u s s e d .  
The m a te r ia l  p re se n ted  co v ers  the  fo l lo w in g  t o p ic s :
1 . The need to  p r e se n t  th e  c a su a l  u se r  w ith  a s im p le  v iew  
, \ . o f  h i s  data which does not depend on a knowledge o f  i t s  p h y s i c a l
o r g a n isa t io n #
2 .  The a d o p tio n  o f  the  r e l a t i o n a l  approach so th a t  th e  u se r  
(2 )  may v iew  h i s  data in  the  f a m i l ia r  ta b u la r  form.
3* D e s ir a b le  f e a t u r e s  which should  be in co r p o r a te d  i n t o  a 
d ia lo g u e  d es ign ed  fo r  th e  c a su a l  u s e r .  .
4 .  A sp ec ts  o f  the  problem s p e c i f y in g  d ia lo g u e  which r e q u ir e  
more com p lica ted  u ser  resp o n se s  -  c o n d it io n s  fo r  data r e t r i e v a l ,  
rep o rt  la y o u t  d es ig n  and own code p r o c e s s in g .
3# The g a th e r in g  o f  u sers*  comments on the  system  a s  an a id
to  im proving the sy stem .
6 . The d e s c r ip t io n  o f  a model problem, the  d ia lo g u e  fo r  
which i s  a v a i la b le  fo r  v iew in g  a s  part o f  th e  "help* f a c i l i t y .
The ch ap ter  i s  supported  by Appendix IX (which c o n ta in s  th e
d ia lo g u e  fo r  th e  model problem) and con c lu d es  w ith  a summary and 
a p p r a i s a l .
5 .2  USER'S VIEW OF THE DATA
In order  to  g en era te  a COBOL program th e  d e t a i l s  o f  th e  
p h y s ic a l  and l o g i c a l  o r g a n is a t io n  o f  th e  data f i l e s  to be used  
by i t  must be su p p lie d  to  th e  program g e n e r a t in g  sy stem . T h is  
s e c t i o n  d i s c u s s e s  how t h i s  can be done w ith ou t burdening th e  
c a s p a l  u se r  w ith  th e  need to  su p p ly  t e c h n ic a l  in fo rm a tio n  and , a t
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th e  seme t im e ,  a l lo w  him to  take a 'sim ple* view  o f  the d a ta .
In common w ith  rep o rt  g e n e ra to rs  a l l  COBOL programs r eq u ir e  
d e t a i l s  o f  th e  form and o r g a n is a t io n  o f  the e x te r n a l  data on which  
th ey  are  to  execu te*  In th e  F i l e t a b  r ep o rt  gen era tor  the  u se r  
s u p p l ie s  th e s e  d e t a i l s  in  th e  ‘ FILE and *INL d i r e c t i v e s  (Appendix  
I I  S e c t io n s  3*1 snd 3 , 2 ) .  In a COBOL program s im i la r  in fo rm a tio n  
has to be s p e c i f i e d  in  the  Environment and Data d i v i s i o n s .  The 
in fo rm a tio n  req u ired  in c lu d e s  f i l e  medium, hardware a s s ig n m e n t ,  
r e c o r d in g  mode, f i l e  l a b e l s ,  b lock  and /or  record  le n g t h ,  data  
record  names, record  s t r u c t u r e ,  d e s c r ip t io n s  o f  f i e l d s  w ith in  
r e c o r d s ,  e t c .
D e sp ite  the  f a c t  th a t  many o f  the above COBOL date
s p e c i f i c a t i o n s  have d e f a u l t  v a lu e s ,  a s  do th o se  fo r  F i l e t a b ,  i t  i s
un reason ab le  to  e x p ec t  a non-programmar to  understand th e  p h y s ic a l  
o r g a n is a t io n  and s to r a g e  o f  th e  data a v a i la b le  fo r  u s e ,  nor to  be 
a b le  to  supp ly  even th e  e s s e n t i a l  d e t a i l s  to  any system  which  
g e n e r a te s  COBOL programs. Not o n ly  w i l l  a non-programmar n ot  
understand the p h y s ic a l  o r g a n is a t io n  o f  a f i l e ,  but he w i l l  have  
d i f f i c u l t y  in  the con cep t o f  a record  and w ith  th e  o r g a n is a t io n  
o f  data in t o  reco rd s  and reco rd s  in t o  f i l e s .  I t  i s  c l e a r ,
Ç )  t h e r e f o r e ,  th a t  some a ttem p t to d iv o rce  the l o g i c a l  view  o f  th e
u s e r ’s  data from i t s  p h y s ic a l  o r g a n is a t io n  and s to r a g e  must be 
made, i f  a COBOL program g e n e r a to r ,  fo r  use by a non-programmer, 
i s  jto be an e f f e c t i v e  and u s e f u l  t o o l .
The s e p a r a t io n  q f  the p h y s ic a l  o r g a n is a t io n  o f  data from i t s  
l o g i c a l  o r g a n is a t io n  ^s one o f  th e  th in g s  which i s  a c h ie v ed  by a 
Date base sy stem . A pata base i s  d e f in ed  by Martin [? ]  a s :
* A c o l l e c t i o n  q f  i n t e r r e l a t e d  data s to r e d  to g e th e r  w ith  
c o n t r o l l e d  redundancy to  s e r v e  one or more a p p l i c a t io n s ;  th e  data  
are  s to r e d  so th a t  thqy are  independent o f  programs which u se  th e  




and in  m od ify ing  and r e t r i e v i n g  e x i s t i n g  data w ith in  the data  
b a s e .  A system  i s  s a id  to  co n ta in  a c o l l e c t i o n  o f  data b a se s  i f  
th ey  are  d i s j o i n t  in  s t r u c t u r e # ’
D i f f e r e n t  u s e r s  have d i f f e r e n t  v iew s o f  the  data w ith in  the  
same data b a se .  This i s  d ic t a t e d  p a r t ly  by th e  s e c u r i t y  
r e s t r i c t i o n s  which may be a p p l ie d  to  s e n s i t i v e  d a ta .  Thus each  
data base u ser  i s  provided  by th e  Data base Management System  
w ith  the  fo l lo w in g ;
1 . His req u irem en ts  fo r  a c c e s s  to  data d e f in e d  a s  a 
submodel, which i s  j u s t  p a r t  o f  the  com plete data model o f  th e  
data b a se .
2 .  A language w ith  which to  s p e c i f y  h i s  req u irem en ts  fo r  
p r o p e s s in g  the d a ta .
The data base u se r  i s  concerned o n ly  w ith  th e  l o g i c a l  
o r g a n is a t io n  o f  th a t  p o r t io n  o f  the data a v a i l a b l e  fo r  h i s  u s e ,  
w h ile  the  p h y s ic a l  o r g a n is a t io n  o f  th a t  data and o f  the com plete  
data base i s  the r e s p o n s i b i l i t y  o f  a Data base A d m in is tr a to r .
The r e s p o n s i b i l i t i e s  o f  a Data base A d m in istrator  range much 
w ider than d e c i s io n s  on th e  s to r a g e  s tr u c tu r e  and a c c e s s  s t r a t e g y  
o f  the data in  the  data b a s e .  Other r e s p o n s i b i l i t i e s  w i l l  in c lu d e  
d e c id in g  on the in fo rm a tio n  co n te n t  o f  the data b a s e ,  m a in ta in in g  
a data d ic t io n a r y  ( d e f in in g  the d a ta ,  i t s  s o u r c e ,  u s e s ,  ow n ersh ip ,  
e t c , ) ,  l i a s in g  w ith  u s e r s ,  d e f in in g  s e c u r i t y  check s and v a l i d a t i o n  
p ro ced u res ,  en su r in g  th a t  a s t r a t e g y  fo r  back up and r e c o v e r y  
e x i g t s  in  even t o f  computer f a i l u r e ,  m o n itor in g  the  perform ance o f  
the  data base system  and resp on d in g  to  requirem ent ch a n g es .
Data base system s are  g e n e r a l ly  c l a s s i f i e d  in t o  th r e e  major 
c a t e g o r ie s :
1 . H ie r a c h ic a l .
2 .  Network.
3 .  R e la t io n a l .
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In a H le r a c h lc s l  data base a f i l e  c o n ta in s  record s  some o f  
which are  su b ord in ate  to  o th e r s  in  a t r e e  s tr u c tu r e *  The h ig h e s t  
l e v e l  record  in  the  h ie r a ch y  i s  c a l l e d  a ' r o o t * .  A l l  r eco rd s  
ex cep t th e  'root*  are  r e la t e d  to  o n ly  one record  in  the  t r e e  
s t r u c t u r e  and th a t  i s  on a h ig h er  l e v e l  than th e m se lv e s ,  e . g .  




In a Networ]^ data base system  a r e l a t i o n s h i p  between reco rd s
O
r e c o r d ,  e . g
L ev e l  1
L ev e l  2 Parent
L eve l 3 C h ild
À Network s t r u c tu r e  can , however, be r ep re sen ted  a s  a h i e r a c h i c a l  
t r e e  s t r u c tu r e  or s t r u c t u r e s  but w ith  redundant e le m e n ts .
In c o n tr a s t  w ith  th e  H ie r a c h ic a l  and Network data base  
sy s te m s ,  a R e la t io n a l  data base g iv e s  the u se r  a s im p ler  v iew  o f  
h i s  d a ta .  He s e e s  i t  a s  a t a b le  and a s e t  o f  r e l a t i o n s  between  
t a b l e s  ra th e r  than a s  a l in k e d  record  s t r u c t u r e .  This i s  
p a r t ic u la r y  v a lu a b le  a s  the ta b u la r  view  o f  the  data i s  f a m i l ia r  
to  even a non-programmer. The ta b u la r  view o f  a R e la t io n a l  data  
base  i s  d is c u s se d  fu r th e r  in  S e c t io n  3*3*
Four main c o n c lu s io n s  a p p l ic a b le  to a COBOL g e n e r a t in g  
System fo r  u se  by non-programmers may be drawn from a p r e l im in a r y
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s t u d y  o f  d a t a  b a s e  s y s t e m s :
1 » The u s e r  s h o u l d  n o t  be aw are  o f  t h e  p h y s i c a l  
o r g a n i s a t i o n  o f  t h e  s t o r a g e  o f  t h e  d a t a  f i l e s .
2 . A c c e s s  t o  s e n s i t i v e  d a t a  s h o u l d  be  p r o t e c t e d  by some 
s e c u r i t y  m e c h a n i s m s .
3 .  O n ly  d a t a  r e l e v a n t  t o  t h e  s o l u t i o n  o f  t h e  c u r r e n t  
p r o b l e m  s h o u l d  be  d e s c r i b e d  i n  t h e  g e n e r a t e d  COBOL p r o g r a m .
4 .  The u s e r ' s  v i e w  o f  t h e  d a t a  s h o u l d  be  k e p t  a s  s i m p l e  a s  
p o s s i b l e  by  a d o p t i n g  a r e l a t i o n a l  v ie w ,  and  he  s h o u l d  o n l y  be  
a w a r e  o f  t h e  o r g a n i s a t i o n  o f  t h e  d a t a  r e l e v a n t  t o  h i s  a p p l i c a t i o n .
The a b o v e  r e q u i r e s  t h e  s e t t i n g  up  and  m a i n t e n a n c e  o f  a 
O  c a t a l o g u e  o f  d a t a  f i l e  d e s c r i p t i o n s ,  t o  w h ich  t h e  COBOL g e n e r a t i n g
s y s t e m  c a n  g a i n  a c c e s s  by  means  o f  s e c u r i t y  p a s s w o r d s .  F u r t h e r  
d i s c u s s i o n  o f  t h i s  a s p e c t  f o l l o w s  i n  C h a p t e r  6 .
3 . 3  RELATIONAL APPROACH
T h i s  s e c t i o n  shows,  how t h e  ' f l a t ' f i l e s  u s e d  b y  a COBOL 
p r o g r a m  l e n d  t h e m s e l v e s  t o  a r e l a t i o n a l  d a t a  b a s é  a p p r o a c h .  Thus 
t h e  u s e r  may t a k e  a t a b u l a r  v ie w  o f  h i s  d a t a  when d e s c r i b i n g  h i s  
r e q u e s t  f o r  a r e p o r t  p ro g ra m  t o  t h e  COBOL g e n e r a t i n g  s y s t e m .
( 3  The r e l a t i o n a l  a p p r o a c h  i s  b a s e d  on t h e  m a t h e m a t i c a l  t h e o r y
o f  r e l a t i o n s .  D a te  [ 1 0 ]  q u o t e s  t h e  f o l l o w i n g  d e f i n i t i o n  o f  a 
R e l a t i o n :  i
' G i v e n  s e t s  ( n o t  n e c e s s a r i l y  d i s t i n c t ) ,
R i s  a r e l a t i o n  on  t h e s e  n s e t s  i f  i t  i s  a s e t  o f  o r d e r e d  n - t u p l e s  
^ d ^ , d ^ , . . . ,  d^^ s u c h  t h a t  d^ b e l o n g s  t o  , d^ b e l o n g s  t o  ,
. . . ,  d^ b e l o n g s  t o  D^.  S e t s  , D^, . . . ,  a r e  c a l l e d  t h e
" d o m a i n s "  o f  R. -  The v a l u e  o f  n i s  c a l l e d  t h e  " d e g r e e "  o f  R.  *
The e n t a n g l e m e n t s  t h a t  b u i l d  up  i n  com p lex  h i e r a r c h i c a l  o r
n e t w o r k  s t r u c t u r e s  c a n  b e  a v o i d e d  i n  t h e  r e l a t i o n a l  d a t a  b a s e  by
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th e  tech n iq u e  o f  'n o r m a l i s a t io n ' ,  which was o r i g i n a l l y  d es ign ed  
and advocated  by Codd [ 1 1 ] .  Although Codd's p r i n c i p l e s  r e l a t e  to  
th e  l o g i c a l  or u s e r ' s  view  o f  th e  data and do n o t app ly  to  i t s  
p h y s ic a l  r e p r e s e n t a t io n ,  i t  i s  f o r t u i t o u s  th a t  many COBOL programs 
u se  p h y s i c a l l y  ' f l a t *  f i l e s  which len d  th em se lv es  to  the  
r e l a t i o n a l  approach. Thus th e  f l a t  f i l e  may be regarded a s  a 
r e l a t i o n  and the f i e l d s  w ith in  th e  record s  o f  th e  f i l e  are  v
regarded  a s  domains.
The u ser  o f  a R e la t io n a l  data base need n o t ,  however, be 
concerned wi^th the  t h r e e - l e v e l  concept o f  n o r m a lisa t io n  a s  
propounded by Codd. I t  i s  o n ly  n e c e s sa r y  to  p r e se n t  th e  u se r  
w ith  the  fa m i l ia r  tw o-d im en sion a l concept o f  a t a b le  o f  d a ta .
Thus s r e l a t i o n  i s  r ep r e se n te d  by a ta b le  in  which the e n t r i e s  fo r  
a column are  item s frpm the same domain. The rows o f  th e  t a b l e ,  
r e f e r r e d  to  a s  t u p l e s ,  c o n ta in  a s e t  o f  data i tem s  r e l a t i n g  to  one 
e n t i t y ,  i . e .  a t t r i b u t e s .  In order  th a t  each tu p le  can be u n iq u e ly  
i d e n t i f i e d  i t  must have a t  l e a s t  one key; th a t  i s ,  a t  l e a s t  one  
a t t r i b u t e  o f  a tu p le  must be d e s ig n a te d  as  a key  to  ensure  th e  
t u p l e ' s  unique i d e n t i t y .
F igure  5*1 i l l u s t r a t e s  th e  u s e r ' s  view  o f  a r e l a t i o n  c a l l e d  
STAFF, which i s  d e f in e d  over  th e  domains DEPT-NO (departm ent  
number), EMPLOYEE-NO (em ployee number) and EMPLOYEE-NAME (em ployee  
name). I t  r e q u ir e s  two k eys  DEPT-NO and EMPLOYEE-NO to  i d e n t i f y  
a unique t u p le .  S im i la r ly ,  F igure  5*2 i l l u s t r a t e s  th e  u s e r ' s  view  
o f  a r e l a t i o n  c a l l e d  PERSONNEL, which i s  d e f in e d  over  th e  domains 
EMPLOYEE-NO, SEX and AGE. The PERSONNEL r e l a t i o n  has EMPLOYEE-NO 
a s  a key domain. ' As the  STAFF and PERSONNEL r e l a t i o n s  have a 
common key  domain, th ey  can be jo in e d  to  p r e se n t  the  u s e r  w ith  th e  
view  o f  the  data shown in  F igure  5*3*
A ' query language* i s  e s s e n t i a l l y  th e  means by which th e  
u s e r  s p e c i f i e s  what he wants to  do w ith  the  d a ta ,  i . e .  e x t r a c t
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i n f o r m a t i o n  f rom  t h e  d a t a  b a s e .  F o r  a r e l a t i o n a l  d a t a  b a s e  t h e  
q u e r y  l a n g u a g e  may be  f o u n d e d  on e i t h e r  r e l a t i o n a l  a l g e b r a  o r  
r e l a t i o n a l  c a l c u l u s .  I n  t h e  f o r m e r ,  t h e  u s e r  s p e c i f i e s  t h e  
s e q u e n c e  o f  r e l a t i o n a l  a l g e b r a i c  o p e r a t i o n s  r e q u i r e d  t o  a c h i e v e  
t h e  d e s i r e d  r e s u l t .  I n  t h e  l a t t e r ,  t h e  u s e r  s t a t e s  t h e  r e s u l t  
r e q u i r e d  i n  t e r m s  o f  r e l a t i o n a l  c a l c u l u s .  The n o t a t i o n s  a n d  
r e l a t i v e  m e r i t s  o f  t h e s e  two m e th o d s  a r e  d i s c u s s e d  b y  D a te  [ 1 0 ] ,  
w h e re  he  t e n d s  t o  come o u t  i n  f a v o u r  o f  t h e  r e l a t i o n a l  c a l c u l u s  
a p p r o a c h ,  a s  e x e m p l i f i e d  by  C odd’ s ALPHA l a n g u a g e  [ 1 2 ] .
T h e r e  a r e  c l e a r  s i m i l a r i t i e s  b e tw ee n  t h e  r e p o r t  g e n e r a t o r  
s y s t e m  a n d  t h e  r e l a t i o n a l  a p p r o a c h  t o  a d a t a  b a s e ,  f o r  i n  t h e  
f o r m e r  t h e  u s e r  s p e c i f i e s  t h e  n a t u r e  o f  t h e  r e p o r t  he  r e q u i r e s  
b u t  n o t  t h e  s e q u e n c e  o f  o p e r a t i o n s  r e q u i r e d  t o  a c h i e v e  i t .
5 . 4  DIALOGUE DESIGN
The way i n  w h ic h  t h e  u s e r  e x p r e s s e s  h i s  r e q u e s t  f o r  a r e p o r t  
v a r i e s  f rom  one  q u e r y  l a n g u a g e  t o  a n o t h e r .  I n  t h e  MARK IV q u e r y  
l a n g u a g e  [ 13] t h e  u s e r  f i l l s  i n  a s t a n d a r d  r e q u e s t  f o r  i n f o r m a t i o n  
fo rm w h ic h  i s  k e y  p u n c h e d  and  p r o c e s s e d  t o  p r o d u c e  t h e  r e p o r t .  
T e r m i n a l  b a s e d  q u e r y  l a n g u a g e s  make u s e  o f  E n g l i s h  w o rd s  a n d  v a r y  
O  i n  c o m p l e x i t y  d e p e n d i n g  on t h e  u s e r ’ s  s k i l l s  a n d  e x p e r i e n c e .  F o r
e x a m p l e ,  IQF ( I n t e r a c t i v e  Query  F a c i l i t y )  [ l 4 ]  i s  i n t e n d e d  f o r  
r e l a t i v e l y  s t r a i g h t  f o r w a r d  q u e r i e s  f rom a t e r m i n a l  b y  n o n ­
s p e c i a l i s t  u s e r s .  I n  c o n t r a s t  GIS ( G e n e r a l  I n f o r m a t i o n  S y s t e m )  
[ 15] i s  a h i g h  l e v e l  p ro g ram m in g  l a n g u a g e  w h ic h  p e r m i t s  more 
e l a b o r a t e  d a t a  s e a r c h e s  a n d  m a n i p u l a t i o n s .  I t  i s  i n t e n d e d  f o r  
o f f - l i n e  q u e r i e s  by  an  e x p e r i e n c e d  u s e r .  I n  t h i s  s e c t i o n  
d e s i r a b l e  f e a t u r e s  o f  a d i a l o g u e  w i t h  a c a s u a l  u s e r  a r e  c o n s i d e r e d  
i n  r e l a t i o n  t o  t h e  PG/2 macro p r o c e s s o r  COBOL g e n e r a t i n g  s y s t e m .
I n  a n  o u t l i n e  d e s c r i p t i o n  o f  R e n d e z v o u s ,  a q u e r y  f o r m u l a t i o n  
s u b s y s t e m ,  Codd [ I 6] d raw s  a t t e n t i o n  t o  t h e  f a c t ; t h a t  t h e  c a s u a l
oo
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u ser  cannot be ex p ected  to bé know ledgeable about computer 
programs, l o g i c  or  r e l a t i o n s ,  nor can he be exp ected  to le a r n  an 
a r t i f i c i a l  lan g u a g e . Codd goes  on to  i d e n t i f y  seven  main s t e p s  
which should  be borne in  mind during  the d e s ig n  s ta g e  o f  a 
d ia lo g u e  fo r  use  w ith  a c a su a l  u s e r .
Two s t e p s  o u t l in e d  by Codd fo r  h i s  Rendezvous system  a re  
beyond the scope o f  th e  PG/2 macro p ro cesso r  b e in g  used to  
g en e ra te  COBOL programs, because th ey  make u se  o f  t e x t  a n a ly s e r s  
and s y n t h e s i s e r s .  Word tran sform ers  and a c c e s s  to  la r g e  
v o c a b u la r ie s  are  a l s o  r e q u ir e d .  These s t e p s  cover  th e  f o l l o w i n g  
p o in t s :
s 1 . The t r a n s l a t i o n  o f  the  u s e r ' s  source  s ta tem en t i n t o  an 
i n t e r n a l  h igh  l e v e l  la n g u a g e , e . g .  data sublanguage ALPHA, in  
order to  d e t e c t  sem antic  in c o m p le te n e s s ,  in c o m p a t i b i l i t y  or  
am b ig u ity .
2 .  The res ta te m e n t  o f  th e  u s e r ' s  query by th e  system  so th a t
th e  u se r  can check th a t  the  system  has c o r r e c t l y  in t e r p r e t e d  h i s
r e q u e s t .
The PG/2 macro p ro c esso r  cou ld  be used to  prov id e  Codd's  
th ir d  s t e p  but i t  would be i n e f f i c i e n t :
3* The p r o v is io n  o f  a d e f i n i t i o n  c a p a c i ty  fo r  term s used
during th e  fo rm u la tio n  o f  the query.
A b e t t e r  approach would be to  a l lo w  the Data base A d m in is tra to r  
to  O e fin e ,  a t  the u s e r ' s  r e q u e s t ,  some 's ta n d a rd ' macros which the  
u se r  cou ld  then invok e  in  order to  perform standard  t a s k s .
The rem aining four p o in t s  made by Codd about d ia lo g u e  d e s ig n  
a re  I however, a p p l ic a b le  to  th e  COBOL g e n e r a t in g  system  u s in g  th e  
PG/2 macro p r o cesso r :
4 .  S e l e c t  a s im p le  data m odel.
5 .  In trodu ce  c l a r i f i c a t i o n  d ia lo g u e  o f  bounded s c o p e .
6 .  Separate  query fo rm u la t io n  from data b ase  s e a r c h .
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7« Employ m u lt ip le  ch o ic e  in t e r r o g a t io n s  a s  f a l l  back.
The fou rth  p o in t  i s  concerned w ith  th e  u s e r ' s  view  o f  th e  
dataj. The u s e r ' s  v iew  should  have enough s t r u c tu r e  to  en a b le  him 
to  i d e n t i f y  r a p id ly  and c o n c i s e l y  th e  part o f  the  data base which  
i n t e r e s t s  him. Codd co n c lu d es  th a t  the  r e l a t i o n a l  view  p r o v id e s  
th e  r ig h t  ba lan ce  between too much and too l i t t l e  s t r u c t u r e .
While the  f i f t h  p o in t  above s p e c i f i c a l l y  r e f e r s  to  a system  
w ith  a very  fr e e  format fo r  query fo r m u la t io n , the  p r i n c i p l e  o f  ' n
c l a r i f i c a t i o n  can be a p p l ie d  to the more co n f in ed  s i t u a t i o n  o f  a 
computer dom inated/ u se r  d ia lo g u e  fo r  use  w ith  the  COBOL
g e n e r a t in g  sy stem . By a sk in g  fo l lo w  up q u e s t io n s ,  th e  g e n e r a t in g
i  ■  "  ' '
sys|;em can e s t a b l i s h  the  u s e r ' s  requirem ents more p r e c i s e l y .
I .
C l a r i f i c a t i o n  can a l s p  be a ch iev ed  by the i n s e r t i o n  o f  exam ples  
in  ^he ex p la n a to ry  tejct output by th e  COBOL g e n e r a t in g  sy stem .
The t u t o r ia l ,  approach can be taken fu r th e r  by the  p r o v is io n  o f  a 
'h e ip '  f a c i l i t y  when the  former proves in a d eq u a te .  The o p t io n s  
a v a i l a b l e  and th e  way in  which th e  'h e lp '  f a c i l i t y  can be invok ed  
a re  covered  in  d e t a i l  in  S e c t io n  6 .2 .3 #  They in c lu d e  a r e s t a r t  
procedure and th e  f a c i l i t y  to  v iew  the d ia lo g u e  which s o l v e s  a 
p r e d e f in e d  model problem.
( 2 )  The s i x t h  p o in t  above i s  p a r t i c u l a r l y  a p p l i c a b le  to  a COBOL
program g e n e ra t in g  sy stem . For w h ile  th e  com puter/ u ser  d ia lo g u e ,  
which d e f in e s  the  problem to  be s o lv e d ,  ta k e s  p la c e  in  th e  
foreground mode, th e  g e n e ra t io n  and e x e c u t io n  o f  th e  COBOL program, 
which i s  e f f e c t i v e l y  th e  data base search  s t a g e ,  are  d e s ig n ed  to  
o p era te  in  background batch  mode (F igu re  6 . 1 ) .
Although Codd in  h i s  Rendezvous system , w ith  i t s  t e x t  
a n a ly s e r ,  s y n t h e s i s e r  and d ia lo g u e  c o n tr o l  mechanisms, e n v is a g e s  
th e  u se  o f  m u lt ip le  c h o ic e  in t e r r o g a t io n  as  a f a l l - b a c k  m easure,  
t h i s  approach i s  fundamental to  system s w ith  l e s s  c a p a c i t y  fo r  
a n a ly s in g  u s e r ' s  r e p l i e s .  From th e  c a su a l  u s e r ' s  p o in t  o f  v iew
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th e  sm a lle r  th e  amount o f  ty p in g  req u ired  o f  him by the  sy stem ,  
th e  fewer w i l l  be the k ey in g  m is ta k es  he i s  l i k e l y  to  make. The 
approach adopted in  the COBOL g e n e r a t in g  system  i s  to  red u c e ,  a s  
fa r  a s  p o s s i b l e ,  th e  m u lt ip le  c h o ic e  to  o n ly  two o p t io n s ,  one o f  
which i s  d e s ig n a te d  the  d e f a u l t  o p t io n .
The th ree  f o l l o w in g  t o p i c s  cannot r e a d i l y  be reduced to  
s im p le  y e s /n o  q u e s t io n s :
1 . S p e c i f i c a t i o n  o f  c o n d i t io n s  fo r  th e  r e t r i e v a l  o f  d a ta .
2 .  Report la y o u t  d e s ig n .
3* Own code p r o c e s s in g .
Only th e  d ia lo g u e  fo r  th e s e  t o p i c s  i s  examined fu r th e r  in  th e  
f o l lo w in g  th re e  s e c t i o n s  o f  t h i s  c h a p ter .  The remainder o f  th e  
r ep o r t  r e q u e s t in g  d ia lo g u e ,  which r e q u ir e s  one word r e sp o n se s  
or  p o ses  s im p le  y e s /n o  q u e s t io n s ,  i s  i l l u s t r a t e d  by th e  model 
problem d ia lo g u e  in  Appendix IX.
The key  f e a t u r e s  o f  a computer dominated d ia lo g u e  may be 
/ summarised a s  fo l lo w s :
1 .  The computer prompt -  a sk in g  fo r  a s p e c i f i c  i te m  o f  
in fo r m a t io n .
2 .  The u s e r ' s  resp on se  -  a s  b r i e f  a s  p o s s i b l e .
( 2 )  3 '  The f o l l o w  up prompts -  a sk in g  fo r  more d e r a i l ,  i . e .
c l a r i f i c a t i o n .
4 .  The erro r  m essa g es ,  h e lp ,  back-up and r ec o v e ry  
p ro ced u res .
3 .  The u se  o f  d e f a u l t  o p t io n s .
oo'
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5 .3  SPECIFICATION OF CONDITIONS FOR DATA RETRIEVAL
In order to  s o lv e  a problem u s in g  the COBOL g e n e r a t in g  
system  th e  u ser  w i l l  n o t  a lways w ish to  view  a l l  the  t u p le s  
r e t r ie v e d  from h i s  r e l a t i o n ( s ) .  Some f a c i l i t y ,  which e n a b le s  o n ly  
the data from r e le v a n t  tu p le s  to  be in c lu d ed  in  the r e p o r t ,  must 
be p ro v id ed . There are  th ree  main approaches by which a u s e r  can 
be encouraged to  s p e c i f y  the c o n d i t io n s  to  be s a t i s f i e d  by data  
fo r  in c l u s i o n  in  the  p r in ted  r e p o r t ,  v iz :
1 .  R e la t io n a l  c a l c u l u s .
2 .  D e c is io n  t a b l e s .
3 .  E n g lish  language format c o n d i t io n a l  s ta te m e n ts .
The u se  and ea se  o f  im p lem en tation  o f  the  approaches are  d is c u s s e d  
i n  the  fo l lo w in g  paragraphs.
3 .3 .1  R e la t io n a l  c a lc u lu s
For the  c a su a l  computer u ser  the  r e l a t i o n a l  c a lc u lu s  
approach i s  h ig h ly  in a p p r o p r ia te .  E x ten s iv e  t u t o r i a l  d ia lo g u e  by 
th e  system  would be req u ired  in  order to  e x p la in  the u s e s  o f  th e  
u n fa m il ia r  boolean  o p e r a to r s  | \  (a n d ) ,  V (o r )  and H ( n o t ) . The 
u se  o f  the  comparison o p e r a to r s  = , and the
p a ren th eses  n e c e s s a r y  to  e n fo rce  the  d e s ir e d  order  o f  e v a lu a t io n  
would a l s o  req u ir e  much t u i t i o n .
E s s e n t i a l l y ,  the  non-programmer user  s im p ly  cannot th in k  
in  terms o f  r e l a t i o n a l  c a l c u l u s ,  nor c a n  he b eg in  to c o n s tr u c t  
m u lti- term  c o n d i t i o n s I s ,  l e t  a lo n e  n e s te d  c o n d i t i o n a l s .  The 
v a l id a t io n  and t r a n s l a t i o n  in t o  COBOL o f  such a r e l a t i o n a l  
c a lc u lu s  s ta tem en t would a l s o  prove a lo n g  and r e l a t i v e l y  




5 , 5 . 2  D e c is io n  t a b le s
D e c is io n  t a b l e s  provide a s im ple  ta b u la r  r e p r e s e n ta t io n  o f  
complex d e c i s io n  l o g i c  and were developed p r im a r i ly  a s  a d e v ic e  
f o r  man-to-man communication. T heir  s tr u c tu r e  i s  based on fou r  
q u adrants , namely c o n d it io n  s tu b ,  c o n d it io n  e n tr y ,  a c t io n  stub  
and a c t io n  e n tr y  (F igu re  5 * 4 ) .  The s im p le s t  form o f  d e c i s io n  
ta b le  i s  the l im i t e d  en tr y  t a b l e ,  where the r u le s  are d e f in e d  in  
terms o f  Y (y e s )  or N (no) e n t r i e s  a g a in s t  the  c o n d it io n  s tu b  
e n t r i e s .  In the  s i t u a t i o n  where a p a r t ic u la r  c o n d it io n  i s  
i r r e l e v a n t  a dash ( - )  or an I i s  en tered  in  the t a b l e .  The 
a c t i o n s  to  be taken i f  the r u le  i s  s a t i s f i e d  are  denoted by X 's  
a g a in s t  the  a c t io n  s tu b  e n t r i e s .  For example, in  Rule 2 o f  th e  
d e c i s i o n  t a b le  i l l u s t r a t e d  in  F igure  5*4 , a c t io n - 1  i s  o n ly  taken  
i f  c o n d it io n a l  i s  not s a t i s f i e d  and c o n d it io n -2  i s  s a t i s f i e d .  
C on ^ it ion -3  I s  not r e le v a n t  to  Rule 2 .
' rT|
1 C ond ition E n tr ie s
nil ,
c o n d it io n D e c is io n D e c is io n D ec is io n D e c is io n
Stub Rule 1 Rule 2 Rule 3 Rule 4
c o n d it io n -1 Y N N N
c o n d it io n -2 - Y N N
c o n d it io n -3 - - Y N
A ction A ction  E n tr ie s
a c t io n - 1 X X X
a c t io n - 2 X
F igu re  5*^ L im ited  en tr y  d e c i s io n  ta b le  format
The tech n iq u es  fo r  the  d e t e c t io n  o f  redundancy, 
c o n t r a d ic t io n  and in c o m p le ten ess  in  d e c is io n  t a b l e s  are  o u t l i n e d  
by Pooch [ 17]*  lu  t h i s  paper Pooch su rveys  th e  c u r r e n t ly  a v a i l a b l e  
decom p osition  and t r a n s l a t i o n  a lg o r ith m s  fo r  communicating
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; d e c i s i o n  ta b le  in fo rm a tio n  from m an-to-com puter.
D e c is io n  t a b l e s  are  commonly used in  r e p o r t  g e n e r a t o r s ,  e . g .  
F i l e t a b  [ ? ] ,  and in  COBOL program g e n e r a to r s ,  e . g .  Cobra C18] ,  but  
th e s e  so ftw a re  packages are  t o o l s  fo r  the programmer r a th e r  than  
th e  c a su a l  u s e r .
Although d e c i s io n  t a b le s  g iv e  a rea so n a b ly  n a tu r a l  
d e s c r ip t io n  o f  s e l e c t i o n  l o g i c ,  c o n s id e r a b le  e f f o r t  would be 
req u ired  to  develop  a t u t o r i a l  d ia lo g u e  to i n s t r u c t  th e  c a s u a l  
u se r  in  the  use  o f  even l im i t e d  en try  t a b l e s .  The problem o f  
d e c i s i o n  t a b le  v a l id a t io n  would then have to  s o lv e d .
Two k in d s  o f  v a l id a t io n  would need to be c a r r ie d  ou t on a 
d e c i s i o n  ta b le  produced by an in e x p e r ie n c ed  u ser  -  format 
v a l i d a t i o n  and c o n ten t  v a l i d a t i o n .  The format v a l id a t io n  would 
in v o lv e  the  ch eck in g  o f  th e  c o n d it io n  and a c t io n  stub  e n t r i e s  and 
th e  column a lign m en ts  o f  the c o n d it io n  and a c t io n  e n t r i e s .  The 
' c o n te n t  v a l id a t io n  would in v o lv e  checks fo r  redundancy, 
c o n t r a d ic t io n  and c o m p le te n e ss .
The co n ten t v a l i d i t y  checks and the a lg o r ith m s  fo r  
t r a n s l a t i n g  d e c i s io n  t a b le s  in t o  COBOL program s ta te m e n ts  r e q u ir e  
th e  u se  o f  v e c t o r s  and masking te c h n iq u e s ,  which are  not a v a i l a b l e  
22) i n  the  PG/2 macro p r o c esso r  f a c i l i t i e s .  T his  was th e  prime reason
f o r  the  r e j e c t i o n  o f  d e c i s io n  t a b l e s  a s  a means o f  s p e c i f y i n g  
c o n d i t io n a l  p r o c e s s in g  in  the COBOL rep o rt  g e n e r a t in g  sy s te m .
3 ..3 .3  E n g lish  language format c o n d i t io n a l  s ta te m e n ts
To the  c a su a l  u ser  the  a d o p tio n  o f  e n g l i s h  language format  
c o n d i t io n a l  s ta te m e n ts  i s  more n a tu r a l  than th e  a l i e n  n o t a t i o n s  o f  
r e l a t i o n a l  c a lc u lu s  or the l e s s  f a m i l ia r  d e c i s io n  t a b l e s .  The u se  
o f  e a s i l y  remembered mnemonics fo r  th e  c o n d it io n  o p e r a to r s  e n a b le s  
a s im p le  c o n d i t io n a l  s ta te m e n t ,  c o n s i s t i n g  o f  two operands  
sep a ra ted  by th e  o p e r a to r ,  to  be typed in  on a s i n g l e  l i n e  by th e
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u s e r ,  e . g . :
ACCpUNT-NHMBER .LT. TRANSACTION-NO ( l e s s  than)
QTY-ON-HAND .NOT GT. 400 (n o t  g r e a te r  than)
PART-NAME .EQ. "NAILS" (eq u a l)
In tu r n ,  t h i s  en a b le s  the  s t r i n g  e x tr a c t io n  f a c i l i t i e s  o f  th e  PG/2 
macro p r o c esso r  to  be e x p lo i t e d  to  advantage during  the  v a l i d a t i o n  
and t r a n s l a t i o n  in t o  COBOL o f  each sim ple  c o n d i t io n .
Although the  use  o f  p a ren th ese s  would remove am b igu ity  end  
a l lo w  th e  c r e a t io n  o f  complex l o g i c a l  e x p r e s s io n s ,  such  
e x p r e s s io n s  are  both  hard to form end hard to  understand i f  th ey  
c o n ta in  s e v e r a l  (more than two) l e v e l s  o f  n e s t i n g .  The 
im plem entation  and v a l id a t io n  o f  such complex e x p r e s s io n s  would  
a l s o  be d i f f i c u l t  u s in g  th e  PG/2 macro p r o c esso r  f a c i l i t i e s .  I t  
was not th e r e fo r e  pursued. The n o n -p r o v is io n  o f  p a r e n th ese s  fo r  
c o n d i t io n a l  s ta te m e n ts  i s  c h a r a c t e r i s t i c  o f  o th e r  COBOL g e n e r a t in g  
sy s te m s ,  e . g .  SURGE [ 1 9 3 ,  which i s  not s e l f - t u t o r i a l  and u s e s
f ix e d  format card in p u t .
Compound c o n d i t io n s  can , however, be b u i l t  up from s im p le  
c o n d i t io n s ,  w ith ou t the  u se  o f  p a r e n th e se s ,  by th e  s e l e c t i o n  o f  
ap p ro p r ia te  AND/OR c o n ju n c t io n s .  E s s e n t i a l l y  a system  i s  d e v is e d  
22) wh^re th e  computer i s  in  c o n tr o l  o f  the  d ia lo g u e ,  and where th e
u se r  i s  asked to  p rov id e  o n ly  a sm all  amount o f  in fo rm a tio n  a t  a 
t im e .  S im p l ic i t y  i s  a ch iev ed  a t  th e  c o s t  o f  e f f i c i e n c y  and 
f l e x i b i l i t y ,  fo r  a f t e r  an OR c o n ju n c t io n  th e  u se r  has to  be 
prompted to  e n te r  a g a in  p r e v io u s ly  typed c o n d i t io n s  which s t i l l  
a p p ly .
e . g .  The f o l lo w in g  complex c o n d i t io n a l  s ta tem en t would have to  be 
en tered  a s  e ig h t  s im p le  c o n d it io n s  a f t e r  s e l e c t i n g  seven  AND/OR 
c o n ju n c t io n s :
IF ((EYES .EQ. "BLUE") .OR. (EYES .EQ. "GREEN")) .AND.

















The above approach is .  adopted in  the d ia lo g u e  fo r  th e  
( 2 )  s p e c i f i c a t i o n  o f  c o n d i t io n s  fo r  data r e t r i e v a l  in  S tage  7 o f  th e
COBOL g e n e r a t in g  system  (7 * 1 4 ) .  The two r o u t in e s  u sed , S p e c i f y  
c o n d it io n  [Appendix VII S e c t io n  I 5 . I )  and V a l id a t e  c o n d it io n  
(Appendix VII S e c t io n  1 5. 2 ) , fire g e n e r a l ly  a p p l i c a b le  to  o th e r  
s i t u a t i o n s  where th e  p r o c e s s in g  may be c o n d i t io n a l ,  e . g .  own code  
p r o c e s s in g ,  j
In order to  imp|*ove the  l e g i b i l i t y  and c l a r i f y  the  s t r u c t u r e  
o f   ^ u s e r ' s  compound ipon d it ion a l s ta te m e n t ,  i t  would be p o s s i b l e  
to  r e s t a t e  i t  on h i s  term in a l in  an in d en ted  form and w ith o u t  
the  in t e r v e n in g  computer prom pts. Further the  lab ou r  o f  e n t e r in g  
a complex c o n d i t io n a l  s ta tem en t c o u ld ,  in  some c a s e s ,  be reduced  
by a d o p tin g  the c o n v en tio n  th a t  d e f a u l t  r e s p o n s e s ,  en tered  a f t e r  
th e  s e l e c t i o n  o f  th e  OR c o n ju n c t io n ,  im ply th a t  p r e v io u s ly  
s p e c i f i e d  sim ple  c o n d i t io n s  are  rep ea ted  (and th e s e  cou ld  be 
l i s t e d  on the  t e r m i n a l . ) .
An a l t e r n a t i v e  approach, whose im plem entation  was n ot  
a ttem p ted , would be a f a c i l i t y  fo r  d e f in in g  s e t s  o f  v a lu e s  and 
perm it c o n d i t io n a l  o p e r a t io n s  on th e s e  s e t s .  F a c i l i t i e s  to  
r e - d e f i n e  a s e t  i n  terms o f  e x i s t i n g  s e t s  a n d /o r  e lem en ts  would  





compound c o n d i t io n a l  s ta tem en t cou ld  be w r i t te n :
SET EYE-COLOUR = ("BLUE", "GREEN")
SET HAIR-COLOUR = ("BROWN", "BLACK")
 ^ IF ...  ,............................................................. .
EYES .IN . EYE-COLOUR 
AND
HAIR .IN . HAIR-COLOUR . . .  e t c .
The more co m p lica ted  the  b r a c k e t in g  used in  a compound 
c o n d i t io n a l  s ta te m e n t ,  the more d i f f i c u l t  i t  becomes to  w r i t e  i t  
o u t  in  terms o f  s im p le  c o n d i t io n s .  I d e a l l y  th e  com puter's  prompt 
and r e p ly  system  sh ou ld  g iv e  the  u ser  some id ea  o f  how h i s  
c o n d i t io n a l  s ta tem en t i s  s t r u c tu r e d .  The u ser  r e a l l y  n eeds  to  be  
. a b le  to  ' t e s t  h i s  l o g i c '  on some t y p i c a l  data rec o r d s  ( 6 . 7 ) .
5 . 6  REPORT LAYOUT DESIGN
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C o n s id era t io n  i s  now g iven  to  the format in  which th e  u ser  
i s  prompted to  e n te r  th e  s p e c i f i a c t i o n s  fo r  th e  v a r io u s  ty p e s  o f  
l i n e  in  h i s  r ep o rt  and th e  f i e l d  e d i t i n g  f a c i l i t i e s  p r o v id e d .
Although th e  COBOL g e n e r a t in g  system  d e scr ib e d  in  Chapter 6 
. o f f e r s  the  u ser  th e  d e f a u l t  o p t io n  o f  a l lo w in g  th e  system  to  
format the  la y o u t  o f  th e  req u ired  d a t a , a c co r d in g  to  a s e t  o f  
s im p le  r u l e s ,  many u s e r s  w i l l  want to  e x e r c i s e  t h e i r  freedom to  
s p e c i f y  t h e i r  own l a y o u t s .
The amount o f  p rep lan n in g  req u ired  to  d e s ig n  a r e p o r t  la y o u t  
depends on the  r e p o r t  producing sy stem , i t s  in p u t  d e v ic e  and mode 
o f  o p e r a t io n .  I t  can range from a s im p le  s k e tc h  to  a d e t a i l e d  
d e s ig n  on squared pap er .
The manner in  which the a c t u a l  r ep o rt  l i n e  form ats ,  
in c lu d in g  th e  r eq u ired  e d i t i n g  and i n s e r t i o n  o f  p u n c tu a t io n  and 
t e x t ,  i s  d e scr ib e d  to  a r ep o r t  producing system  f a l l s  in t o  two 
mai* t y p e s .
The f i r s t  typ e  n e c e s s i t a t e s  th e  t r a n s c r ip t io n  o f  a d e t a i l e d
oo
preplanned p i i c t o r ia l  la y o u t  fo r  each type o f  r ep o r t  l i n e  in t o  
s ta te m e n ts .  ! These g iv e  d e t a i l s  o f  the  s t a r t i n g  p o s i t i o n ,  w id th ,  
typ e  (num eric, a lp h a b e t ic ,  t e x t ,  e t c )  and e d i t i n g  req u irem en ts ,  
i f  pny, fo r  every  data f i e l d  in  the  p r in t  l i n e .  The s t a r t i n g  
p o s i t i o n  o f  any f i e l d  i s  quoted e i t h e r  r e l a t i v e  to  the p r e ce d in g  
f i e l d  or r e l a t i v e  to  th e  b eg in n in g  o f  the  l i n e .  These format  
s p e c i f y i n g  s ta te m e n ts  may be in  a r e l a t i v e l y  f r e e  form at, a s  in  
COBOL, or  in  th e  s t r i c t  format o f  the  more c o n c i s e l y  e x p ressed  
RPG type la n g u a g es .
The second typ e  o f  r ep o rt  l i n e  format s p e c i f i c a t i o n  u s e s  
th e  p i c t o r i a l  approach a s  e x e m p li f ie d  by F i l e t a b ,  where each  
c h a r a c ter  in  the l i n e  format s p e c i f i c a t i o n  r e p r e s e n t s  one p r in t  
p o s i t i o n  w ith in  the  l i n e .  The F i l e t a b  approach i s  very  s u i t a b l e  
f o r  an i n t e r a c t i v e  r ep o r t  g e n e r a t in g  system  a s  the  u ser  can d es ig n  
the rep o r t  la y o u t  in  d e t a i l  w h ile  s i t t i n g  a t  a t e r m in a l .  .T h i s  i s  
e s p e c i a l l y  tru e  i f  th e  term in a l i s  a v i s u a l  d i s p la y  u n it*  The 
p rep lan n in g  s ta g e  i s  minimal and th e  te d io u s  t r a n s c r ip t io n  o f  a 
l i n e  format in t o  d e t a i l e d  f i e l d  s p e c i f i c a t i o n  s ta te m e n ts  i s  
avo id ed  a l t o g e t h e r .
F i l e t a b  u s e s  a F i e ld  S p e c i f y in g  C haracter to  denote th e  
f i e l d  type and a s  a means o f  d e s c r ib in g  the  p r in t  p o s i t i o n s  to  be 
occu p ied  by the  f i e l d  in  a l i n e  o f  the; p r in te d  r ep o r t  (Appendix .i. 
I I ) ,  P red efin ed  c h a r a c te r  ranges are  used to  denote the f i e l d  
ty p e ,  fo r  example th e  c h a r a c te r s  M N 0 P Q and R are  used to  
denpte c o n tr o l  f i e l d s *  A s l i g h t l y  l e s s  r e s t r i c t i v e  approach i s  
adopted fo r  the  p r e se n t  COBOL g e n e r a t in g  sy stem . For each data  
item  to  be p r in te d  th e  u ser  i s  i n v i t e d  to s e l e c t  a l a b e l  
ch a ra cter  from a l i s t  o f  p erm itted  c h a r a c te r s  w ith o u t r e f e r e n c e  
to  item  type* The l a t t e r  i s  determ ined by th e  g e n e r a t in g  system  
from one o f  i t s  s u b f i l e s ,  which c o n ta in s  d e t a i l s  o f  th e  u s e r ' s  
data base  subm odel. The c h a r a c ter  l i s t  c o n ta in s  most o f  th e
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a lp j ia b e t ,  th e  e x c e p t io n s  b e in g  th o se  c h a r a c ter s  which are  used  to  
denote  e d i t i n g  requirem ents*  From the a v a i l a b l e  c h a r a c te r s  which  
. a r e  shown below , th e r e  i s  a r ea so n a b le  o p p o r tu n ity  to  choose  an 
a p p ro p r ia te  mnemonic fo r  a data item :
A E F G H I J K L N 0 Q T U  V W X Y Z 
The e d i t i n g  f a c i l i t i e s  o f f e r e d  to  u se r s  o f  th e  COBOL 
g e n e r a t in g  system  have been chosen to  p rov id e  a u s e f u l  s e l e c t i o n  
from th o se  a v a i la b le  in  F i l e t a b  and COBOL. The aim has been to  
j p rov id e  the u ser  w ith  enough e d i t i n g  f a c i l i t i e s  to  meet th e
req uirem en ts  o f  most r e p o r t s .  The e d i t i n g  f a c i l i t i e s  cou ld  be 
extended to  meet any rea so n a b le  req u irem en t, but the  p e n a l t y  
would be more complex p r o c e s s in g  and p o s s ib ly  a more c o m p lica ted  
u se r  i n t e r f a c e .  A b a la n ce  between extrem es has been sought in  
th e  r e a l i s t i c  f a c i l i t i e s  d e scr ib e d  below .
The a c t u a l  e d i t i n g  f a c i l i t i e s  a v a i la b le  fo r  use  w ith  any  
i tem  are  determ ined by the  type o f  data the  item  c o n t a in s .  Thus 
alphanum eric data ite m s  are  a lw ays l e f t  j u s t i f i e d  in  th e  a l l o c a t e d  
p r in t  p o s i t i o n s  and two e d i t i n g  c h a r a c te r s  a re  a v a i l a b l e  fo r  u s e .  
These are  the i n s e r t i o n  c h a r a c te r s  B and 0 ,  where B i s  u sed  to  
denote the  i n s e r t i o n  o f  a b lank c h a ra cter  and 0 th e  i n s e r t i o n  o f  
( 2 )  th e  Ô d i g i t .  These two i n s e r t i o n  c h a r a c ter s  a re  a l s o  a v a i l a b l e
fo r  u se  in  e d i t i n g  numeric i t e m s .
The d e c im a l .p o in t  o f  a numeric rep o rt  item  i s  assumed to  be 
a f t e r  the  raJght-most d i g i t  o f  th e  f i e l d  s p e c i f i c a t i o n ,  u n l e s s
I
o th e r w ise  in d ic a t e d  by the p resen ce  o f  the  f u l l - s t o p  c h a r a c t e r .
The decim al p o in t  in  the a c t u a l  data to  be ou tp u t i s  a lw ays  
a l ig n e d  w ith  th a t  im p lie d  or s p e c i f i e d  in  th e  ou tp u t fo rm a t.  The 
l e a d in g  z er o s  o f  a numeric item  ap p ear in g  in  a p r in te d  f e p o r t  are  
su p p re sse d ,  u n le s s  u se  i s  made o f  th e  currency  sym b ols ,  £  and / ,  
th e  cheque p r o te c t io n  ch a r a c ter  *, or the + and -  s i g n s .  F u l l e r
d e t a i l s  o f  th e  r u l e s  govern in g  th e  u se  o f  th e s e  e d i t i n g  c h a r a c t e r s
oo
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to g e th e r  w ith  th e  comma i n s e r t i o n  ch a ra cter  and th e  r e p o r t  c r e d i t  
end d e b it  s i g n s ,  CR and DB, are  g iv en  in  S e c t io n  6 . 5 . 9 .
I t  ten d s  to  be d i f f i c u l t  to  judge how many blank c h a r a c te r s  
have been typed between the v a r io u s  f i e l d s  when k e y in g  in  a r ep o rt  
l i n e  s p e c i f i c a t i o n  a t  a te r m in a l .  To overcome t h i s  problem th e  
COBOL g e n e r a t in g  system  a sk s  th e  u ser  to  key  th e  v i s i b l e  c h a r a c ter  
to denote i n t e r - f i e l d  s p a c e s .  This i s  r eq u ired  o n ly  b e fo r e  and 
between f i e l d s  and n ot fo r  the  b lan ks  a t  th e  r ig h t-h a n d  end o f  a 
l in e #  A p r in t  l i n e  s p e c i f i c a t i o n  such a s  th a t  shown below  would  
be used fo r  a r ep o r t  l i n e  which might look  a s  th a t  shown ben eath  
■ i t :
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The t u t o r i a l  d ia lo g u e  fo r  prompting th e  u s e r  to  e n te r  th e
v a r io u s  h ead in g , d e t a i l  and t o t a l s  l in e ;  s p e c i f i c a t i o n s  i s .
i l l u s t r a t e d  in  Appendix IX.
Two o th er  f a c i l i t i e s  to  h e lp  the c a su a l  u se r  and to
r e in f o r c e  th e  t u t o r i a l  d ia lo g u e  are  provided by th e  COBOL
g e n e r a t in g  system . The f i r s t  e n a b le s  the  u se r  to  experim ent w ith
th e  u se  o f  e d i t i n g  c h a r a c t e r s ,  w h ile  the second p erm its  th e
v ie w in g  o f  th e  la y o u t  fo r  a com plete  rep o r t  p age .
The ex p er im en ta l e d i t i n g  f a c i l i t y  en a b le s  th e  u s e r  to  d es ig n
an e d i t  format and have i t  v a l id a t e d .  The system  then i n v i t e s  th e
u se r  to  type a v a lu e  w hich , i f  v a l i d ,  i s  e d i t e d  in t o  th e  d e s ir e d
format and output fo r  th e  u s e r ' s  in s p e c t io n »  The f o l l o w i n g  i s
t y p i c a l  o f  the  d ia lo g u e  produced when u s in g  t h i s  f a c i l i t y :
USING A VALID LABEL CHARACTER PLEASE TYPE THE DESIRED OUTPUT FORMAT 
-£AAA.AA
PLEASE ENTER THE VALUE OF THE NUMERIC ITEM TO BE EDITED INTO THE 
ABOVE FORMAT
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AFTER EDITING YOUR NUMERIC ITEM WILL LOOK AS FOLLOWS;




The f a c i l i t y  to  v iew  the format o f  a com plete  page e n a b le s  
th e  u se r  to  g e t  an o v e r a l l  im p ress io n  o f  th e  r e p o r t  la y o u t  and, i f  
n e c e s s a r y ,  to chapge h i s  mind b e fo r e  running th e  gen erated  program 
w ith  r e a l  da|ta. The aim i s  to  g iv e  the u ser  a v iew  o f  th e  sp a c in g  
between th e  page h ead in g  and sequence break h ead in gs  and a l s o  the  
a lign m en t o f  the d e t a i l ,  s u b t o t a l  end t o t a l  l i n e s .  A l l  th e  v i s i b l e  
space  c h a r a c te r s  pnd l i t e r a l  d e l im i t e r s  are r e p la c e d  by b la n k s ,  
w h ile  a l l  the item  e d i t  p ic t u r e s  remain unchanged. S u f f i c i e n t  
d e t a i l  l i n e s  are  gen era ted  to f i l l  a page c o n ta in in g  an example 
o f  each o th e r  typ e  o f  r ep o r t  l i n e .  Thus th e  v iew  p r e se n ted  to  the  
u s e r  i s  ana logou s  to  th e  system  a n a l y s t ' s  squared paper r e p o r t  
la y o u t  s h e e t .  Further  d e t a i l s  o f  t h i s  f a c i l i t y  are  g iv e n  in  
S e c t io n  6.5*11 *
5.7 OWN CODE PROCESSING
The u s e r ' s  data base does n o t  a lways c o n ta in  th e  data in  
e x a c t ly  th e  form he r e q u ir e s ,  e . g .  d e t a i l s  o f  th e  q u a n t i t y  in  
s to c k  and the. u n i t  v a lu e  o f  v a r io u s  item s are  a v a i l a b l e ,  but th e  
u se r  w ish es  to  r ep o r t  on the t o t a l  v a lu e  o f  th e  s t o c k .  In  such  
c a s e s  the  p r o v is io n  o f  own code f a c i l i t i e s ,  which en ab le  th e  
u se r  to  s p e c i f y  the c a l c u l a t i o n s  needed for  the r eq u ired  
in fo r m a t io n ,  are  u s e f u l .  C o n s id era t io n  i s  now g iv e n  to  th e  own 
code f a c i l i t i e s  o f f e r e d  by th e  PG/2 macro p r o c e s so r  COBOL 
g e n e r a t in g  system .
In order  to  supplem ent th e  b a s ic  p r o c e s s in g  f a c i l i t i e s  
o f  th e  COBOL g e n e r a t in g  system  d escr ib e d  in  Chapter 6 , th e  u s e r  
may i n s e r t  own code p r o c e s s in g  a t  v a r io u s  p la c e s  w ith in  th e  
g en era ted  program, e . g .  a f t e r  a data r e t r i e v a l  or b e fo r e  w r i t i n g  
a r ep o rt  l i n e .  The d ia lo g u e  fo r  own code s p e c i f i c a t i o n  f a l l s  
in t p  s e v e r a l  p a r ts  and i s  a com bination  o f :
1 .  D ir e c t  q u e s t io n s  w ith  y e s /n o  r e p l i e s .
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2 .  D e fa u lt  o p t io n s .
3 .  More com p lica ted  t u t o r i a l  d ia lo g u e  fo r  the  s p e c i f i c a t i o n  
o f  th e  own code data m anipulat i o n s •
Examples o f  d ia lo g u e  to  i l l u s t r a t e  the own code f a c i l i t i e s  are  
to  be found in  Appendix IX S e c t io n  18.
The in tr o d u c to r y  s ta g e  o f  th e  own code d ia lo g u e  s e t s  o u t  th e  
v a r io u s  p o in t s  during the  p r o c e s s in g  o f  the u s e r ' s  data a t  which  
own code p r o c e s s in g  may be c a r r ie d  o u t .  The u se r  i s  prompted to  
i n d ic a t e  i f  he w ish es  to  a v a i l  h im s e l f  o f  th e  f a c i l i t y .  Once 
th e  u ser  has s i g n i f i e d  i n t e r e s t  the  t u t o r i a l  d ia lo g u e  g iv e s  
d e t a i l s  o f  th e  own code o p e r a t io n s  to g e th e r  w ith  exam ples.
I n i t i a l l y  the  system  makes p r o v is io n  fo r  fou r  a r i th m e t ic  . 
o p e r a t io n s  -  a d d i t io n ,  s u b t r a c t io n ,  m u l t i p l i c a t i o n  and d i v i s i o n .
One data t r a n s f e r  o p e r a t io n  i s  a l s o  p rov id ed .
The COBOL language a l lo w s  two formats fo r  s p e c i f y i n g  
a r i th m e t ic  p r o c e s s in g .  The f i r s t  i s  the pow erfu l COMPUTE v e r b ,  
which p erm its  com p lica ted  formulae to  be e x p ressed  u s in g  a
' ,,yj
com bination  o f  p a r e n th e s e s ,  data-names and a r i t h m e t ic  o p e r a to r  
symbols (+ ,  - ,  * and / ) .  For example:
COMPUTE AVERAGE * ( VALUE-1 + VALUE-2 ) /  2 .
22) The second approach, a lth ou gh  more v erb o se ,  a l lo w s  th e  s t e p  by
s te p  é v a lu a t;Lon o f  itpm s by c o n s id e r in g  o n ly  one a r i th m e t ic  
o p e r a t io n  a t | a  t im e . I t  a l s o  has the advantage o f  c l e a r l y  d e f in in g
where in ter m e d ia te  v a lu e s ,  i f  any, are  to  be s t o r e d ,  e . g . :
ADD VALUE-1, VALUE-2 GIVING SUM.
DIVIDE SUM BY 2 GIVING AVERAGE.
For ea se  o f  im plem entation  and ea se  o f  use by the  c a su a l  u s e r ,  an 
approach s im i la r  to  th e  second o f  the  two COBOL forms was adop ted  
fo r  u se  in  the COBOL g e n e r a t in g  system . The v a l i d a t i o n  o f  
co m p lica ted  s ta te m e n ts  o f  th e  COMPUTE type would be d i f f i c u l t  to  
implement u s in g  th e  PG/2 macro p r o c e s so r  f a c i l i t i e s .  T h is  i s  .
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because  th ey  may c o n s i s t  o f  a r i th m e t ic  e x p r e s s io n s  n e s te d  by 
p a r e n th ese s  and r e q u ir e  more than one l i n e  o f  keyed in p u t when 
en tered  by the u s e r .  Problems s im i la r  to th o se  o u t l in e d  i n  S e c t io n  
5*5 where complex c o n d i t io n a l  s ta te m e n ts  were co n s id e re d  would  
a r i s e .
The main advantage o f  a d o p tin g  the s i n g l e  o p e r a t io n  per
u ser  s ta tem en t approach i s  th a t  the u ser  can d evelop  the
c a l c u l a t i o n ,  s t e p  by s t e p ,  w h ile  s i t t i n g  a t  the  tferm inal. There
i s  no need to preplan  the cod in g  o f  com p lica ted  form u lae , e . g .  :
MULTIPLY ITEM-COUNT BY ITEM-COST GIVING NET-PRICE 
MULTIPLY NET-PRICE BY VAT-RATE GIVING VAT 
ADD NET-PRICE, VAT GIVING SALE-PRICE
f The s i m p l i f i e d  forms o f  the  COBOL verbs ADD, SUBTRACT, MULTIPLY, 
DIVIDE and MOVE can a l l  be ex p ressed  in  one l i n e  o f  ou tp u t w ith ou t  
undue r e s t r i c t i o n s  on th e  number o f  c h a r a c ter s  a l lo w ed  fo r  domain 
or temporary item  names. This e n a b le s  the s t r i n g  e x t r a c t i o n  
f a c i l i t i e s  o f  the  PG/2 macro p r o c e s so r  to  be e x p lo i t e d  d u rin g  th e  
v a l id a t io n  o f  the u s e r ’s  own code s ta te m e n ts .  Once v a l id a t e d  
th e s e  u se r  coded s ta te m e n ts  are  used  a s  the b a s i s  fo r  th e  
g e n e ra t io n  o f  COBOL s ta te m e n ts  fo r  the rep o r t  producing program.
In g e n e r a l  the  data names in  the u s e r ' s  s ta te m e n ts  r e q u ir e  fu r th e r  
22) q u a l i f i c a t i o n  to  make them unique fo r  use in  the  gen era ted  program.
T his i s  b eca u se ,  a lth o u g h  th e  u se r  ta k es  the  r e l a t i o n a l  v iew  in  
two d im en sion a l ta b u la r  form, the  a c t u a l  item s  are  e x t r a c t e d  from 
v a r io u s  f i l e s  and r e o r g a n ise d  in t o  tu p le  form.
When a u ser  has taken advantage o f  both th e  own code and 
accum ulated t o t a l s  o p t io n s ,  the  COBOL g e n e r a t in g  system  p r o v id e s  
a d d i t io n a l  i n s t r u c t i o n a l  t e x t  to  e x p la in  how l im i t e d  use  o f  th e  
t o t a l s  may be made in  the own code s ta te m e n ts .  T his  i s  a c h ie v e d  
by i n s t r u c t i n g  th e  u ser  to  p r e fa c e  data names by a s p e c i a l  
ch a r a c ter  to  denote the cu rren t t o t a l  fo r  an item  in s t e a d  o f  th e  
c u r r e n t ly  r e t r i e v e d  item  v a lu e .  In a l l  s i t u a t i o n s  where own code
oo
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p r o c e s s in g  i s  a l lo w e d ,  the u ser  i s  i n v i t e d  to  s t a t e  i f  h i s  own cade 
i s  c o n d i t io n a l  and, i f  s o ,  to  s p e c i f y  the c o n d i t io n s .
The v a l id a t io n  and g e n e ra t io n  o f  the COBOL s ta te m e n ts  from 
th e  u s e r ' s  own code e n t r i e s  i s  covered  in  more d e t a i l  in  S e c t io n  
6 . 6 , 4 .  ■ ;
5 .8  USER FEEDBACK
For any p a r t i c u l a r  problem the in form ation  to  be g a th ered  
from the  u ser  by the  COBOL g e n e r a t in g  system remains e s s e n t i a l l y  
the  same, but a f l e x i b l e  approach to  th e  d ia lo g u e  by which th e  
in fo rm a tio n  i s  ga th ered  should  be m ain ta in ed . One advantage o f  
u s in g  a macro p ro c esso r  fo r  th e  COBOL g e n e ra t in g  system  i s  th a t  
i t  shou ld  be p o s s ib l e  to  r e v i s e  th e  d ia logu e  e a s i l y  a n d /o r  p ro v id e  
new f a c i l i t i e s .
D i f f e r e n t  u s e r s  come from d i f f e r e n t  backgrounds to  S o lv e  a 
wide v a r i e t y  o f  problem s. The feedback o f  t h e i r  comments on th e  
e a se  o f  u se  and c l a r i t y  o f  the  d ia lo g u e  i s  an e s s e n t i a l  f a c t o r  in  
th e  development and m aintenance o f  any system  which a d o p ts  th e  
t u t o r i a l  approach. As an encouragement to  th e  u ser  to  make 
comments w h ile  th ey  are  fr e s h  in  h i s  mind, he i s  i n v i t e d  to  typ e  
i n  comments a f t e r  he has s p e c i f i e d  h i s  problem req u ir em en ts .  The 
comments are  s to r e d  in  one o f  the  PG/2 macro p r o c e s so r  s u b f i l e s ,  
whence th ey  may r e a d i l y  be r e t r i e v e d  by a system  d e s ig n e r .  The 
u sers ':  comments may then be taken in t o  account a t  th e  p e r io d ic  
r ev iew s  o f  the  f a c i l i t i e s  a v a i l a b l e  and d ia lo g u e  e f f e c t i v e n e s s ,  
which sh ou ld  p la y  an im portant p art in  the  m aintenance o f  th e  
COBOL g e n e r a t in g  system .
The in tr o d u c to r y  d ia lo g u e  fo r  th e  use  o f  th e  comments 
f a c i l i t y  i s  i l l u s t r a t e d  i n  Appendix IX towards th e  end o f  S e c t io n  
18 . ;  .■ ■ ' ^
'"■ir rf' IT]
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Figure 5*5 Sketch o f the req u ired  report la y o u t
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5 . 9  DEFINITION OF A MODEL PROBLEM
The f o l l o w i n g  m ode l  p r o b l e m  was d e s i g n e d  to  s e r v e  two m a in  
p u r p o s e s .  F i r s t ,  i t  i s  u s e d  i n  A p p e n d ix  IX t o  i l l u s t r a t e  t h e  t e x t  
o f  t h e  c o m p u te r  d o m i n a t e d  u s e r / s y s t e m  d i a l o g u e  p r o d u c e d  b y  t h e  
COBOL g e n e r a t i n g  s y s t e m  d e s c r i b e d  i n  C h a p t e r  6 .  S e c o n d l y ,  a l l  
u s e r s  o f  t h e  COBOL g e n e r a t i n g  s y s t e m  a r e  made a w a re  o f  t h e  m o d e l  
p r o b l e m ’s  e x i s t e n c e  p r i o r  t o  s t a r t i n g  t o  u s e  t h e  s y s t e m .  S h o u l d  
t h e y  e x p e r i e n c e  d i f f i c u l t y  i n  d e f i n i n g  t h e  r e q u i r e m e n t s  o f  t h e i r  
own p r o b l e m  to  t h e  s y s t e m  a t  a n y  s t a g e ,  t h e y  c a n . v i e w  t h e  m o d e l  
p r o b l e m  d i a l o g u e  a t  t h e  c o r r e s p o n d i n g  s t a g e ,  by  means  o f  t h e  %HELP 
f a c i l i t y  ( 6 . 2 . 3 ) .
5 . 9 .1  Model  p r o b l e m
At t h e  end  o f  t h e  1977 c a l e n d a r  y e a r ,  t h e  d i r e c t o r s  o f  t h e  
X .Y .Z .  M a n u f a c t u r i n g  Co.  L t d .  p l a n n e d  t o  g i v e  a b o n u s  t o  a l l  
e m p lo y e e s  who w ou ld  h a v e  c o m p l e t e d  10 o r  more  y e a r s  o f  s e r v i c e  
w i t h  t h e  company .  The m a n a g in g  d i r e c t o r  t h e r e f o r e  r e q u i r e d  a l i s t  
b y  d e p a r t m e n t  o f  a l l  e m p lo y e e s  who wou ld  b e  e l i g i b l e  f o r  t h e  b o n u s .  
He w a n te d  t h e  l i s t  t o  g i v e  d e t a i l s  o f  em ployee  num b e r ,  e m p lo y e e  
^ name,  d a t e  o f  j o i n i n g  t h e  company a n d  l e n g t h  o f  s e r v i c e  i n  y e a r s
a n d  m o n t h s .  F o r  e a c h  d e p a r t m e n t  a n d  f o r  t h e  company a s  a w h o l e ,  
he  a l s o  w a n te d  t o  know t h e  number  o f  e m p lo y e e s  e l i g i b l e  a n d  t h e i r  
a v e r a g e  l e n g t h  o f  s e r v i c e .  E m p lo y ees  j o i n i n g  t h e  company d u r i n g  
t h e  month  o f  J a n u a r y  i n  a n y  y e a r  w e re  a l l o w e d  t o  c o u n t  t h a t  w h o le  
y e a r  a s  p a r t  o f  t h e i r  s e r v i c e .
F i g u r e  5 . 5  i l l u s t r a t e s  t h e  l a y o u t  o f  t h e  r e q u i r e d  r e p o r t .  
The f o l l o w i n g  two p a r a g r a p h s  d e s c r i b e  t h e  d a t a  b a s e  d e t a i l s  a n d  
t h e  a d d i t i o n a l  d a t a  i t e m s  w h ic h  h a v e  t o  be  c r e a t e d  a n d  c o m p u ted  
f o r  i n c l u s i o n  i n  t h e  r e p o r t .
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5 .9 * 2  Data base d e t a i l s
The data needed to  p rov id e  th e  req u ired  r ep o r t  i s  co n ta in ed
i n  th r e e  r e l a t i o n s  which would a lr e a d y  e x i s t ,  hav in g  been c r e a te d
fo r  o th er  p u rp oses .
In order to  ga in  a c c e s s  to  the  req u ired  inform ation ., th e
u se r  must have been su p p l ie d  w ith  the  passwords which perm it a c c e s s
to  the  l e v e l  4 data in  th e  DEPARTMENT and STAFF r e l a t i o n s  and the
l e v e l  3 data in  th e  PERSONNEL r e l a t i o n .  (L ev e l  1 i s  th e  h ig h e s t
s e c u r i t y  l e v e l  used fo r  th e  p r o te c t io n  o f  s e n s i t i v e  or
c o n f i d e n t i a l  d a t a . )
The d e t a i l s  o f  th e  th r e e  r e l a t i o n s  a re  a s  fo l lo w s :
DEPARTMENT r e l a t i o n





Sequence key  DEPT-NO
STAFF r e l a t i o n




( 2 )  Sequence k eys  DEPT-NO, EMPLOYEE-NO
PERSONNEL r e l a t i o n











Sequence key  EMPLOYEE-NO
o5 . 9.3  A d d it io n a l  data item s
Some own code p r o c e s s in g  i s  req u ired  to  s o lv e  the  model
problem s in c e  le n g th  o f  s e r v i c e  and average s e r v i c e  have to  be
computed from the date  o f  j o in in g  in fo rm a tio n .  In order  to  carry
o u t th e s e  c a l c u l a t i o n s  and to  count the number o f  e l i g i b l e
em ployees , the u ser  has tem p o ra r ily  to  extend th e  data base  by








The names chosen are  q u ite  a r b i t r a r y ,  the o n ly  c o n d i t io n s  b e in g  
th a t  th ey  must not d u p l ic a te  e x i s t i n g  names in  the  u s e r ' s  data  
b a s e ,  not exceed 15 c h a r a c te r s  in  le n g th  and s a t i s f y  the r u l e s  
fo r  COBOL data names. WORK-ITEM p ro v id es  a u s e f u l  means o f  
s t o r i n g  in te r m e d ia te  r e s u l t s  during the own code p r o c e s s in g .
A compound domain JOIN-DATE i s  a l s o  c r e a te d  by c o n c a te n a t in g  
th e  data item s  from th e  JOIN-DAY, JOIN-MONTH and JOIN-YEAR 
domains.
A l i s t i n g  o f  th e  d ia lo g u e  fo r  the s o lu t i o n  o f  the  model 
problem i s  g iven  in  Appendix IX. The l i s t i n g  i s  sep a ra ted  in t o  
se p a ra te  s t a g e s  to  make c r o s s  r e f e r e n c in g  e a s i e r .  The d ia lo g u e  
has been manually fa b r ic a te d  fo r  th o se  problem s p e c i f y i n g  macros 
whose development i s  in com p le te  or have not been implemented  
( 7 # 1 ) .  No attem pt has been made to  i l l u s t r a t e  the many e r r o r  
m essages which i n v a l i d  u se r  r e sp o n se s  might provoke#
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114
5 .1 0  SUMMARY AND APPRAISAL
In a v iew p o in t on computer language d e s ig n ,  Tucker [2 0 ]  
d e s c r ib e s  a 'very  h igh  l e v e l *  language a s  one which en a b le s  th e  
u se r  to  e x p r e s s ,  in  f a m i l ia r  term s, what i s  to  be done r a th e r  than  
how i t  i s  to  be done. The d ia lo g u e  in  which the  c a su a l  u ser  
s p e c i f i e s  h i s  r e q u e s t  fo r  a r ep o rt  to  the COBOL g e n e r a t in g  system  
i s  ak in  to  a 'very  h igh  l e v e l ' lan gu age , in  th a t  the  u se r  
s p e c i f i e s  the co n te n t  and form o f  h i s  r e p o r t ,  but does not s p e c i f y  
ho yf  th e  r ep o rt  i s  to  be produced.
The c a su a l  u se r  i s  p resen ted  w ith  a s im p le  v iew  o f  h i s  data
I
which does not r e q u ir e  knowledge o f  i t s  p h y s ic a l  o r g a n i s a t io n .
i ■
The r e l a t i o n a l  approaph used in  th e  d ia lo g u e  a l lo w s  th e  u se r  to  
view  h i s  data in  a f a p i l i a r  ta b u la r  form.
The computer dqpiinated d ia lo g u e  aims to  i n s t r u c t  th e  c a su a l  
u ser  and prompt him to  supp ly  s p e c i f i c  item s o f  in fo rm a tio n  a s  
b r i e f l y  a s  p o s s i b l e .  This in c lu d e s  the use o f  d e f a u l t  o p t io n s  • 
and, in  some i n s t a n c e s ,  f o l lo w  up prompts r e q u e s t in g  more d e t a i l .  
Some a s p e c t s  o f  th e  d ia lo g u e  do not lend  th em se lv es  to  b r i e f  
r e s p o n s e s ,  e . g .  data s e l e c t i o n ,  rep o r t  la y o u t  d es ig n  and own code  
p r o c e s s in g .  The d ia lo g u e  fo r  th e s e  a s p e c t s  o f  th e  r ep o rt  
s p e c i f i c a t i o n  i s  in f lu e n c e d  by the  c o n s t r a in t s  imposed by th e  PG/2 
macro p r o cesso r  f a c i l i t i e s  and the type o f  te r m in a l  a v a i l a b l e  fo r  
system  developm ent. The d ia lo g u e  a l s o  p ro v id es  f a c i l i t i e s  fo r  
h e lp ,  t r i a l  e d i t i n g ,  resum ing th e  d ia lo g u e  a t  an e a r l i e r  s t a g e ,  
model problem and sample page v iew in g  and g a th e r in g  u s e r s '  
comments.
In a d i s c u s s io n  o f  data base in t e r r o g a t io n  la n g u a g e s ,  Martin  
[7 ]  con c lu d es  th a t  i t  i s  d e s ir a b le  th a t  th ey  shou ld  o p e r a te  on 
standard data s t r u c t u r e s  by means o f  an o n - l i n e  computer i n i t i a t e d  
d ia lo g u e .  Other d e s ir a b le  c h a r a c t e r i s t i c s  l i s t e d  by Martin are  
th a t  the d ia lo g u e  r e sp o n se s  sh ou ld  be in  a f i x e d  format u s in g  two
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dim ensions and e n tered  by means o f  a l i g h t  pen . The COBOL rep o rt  
program g e n e r a t in g  system  u s e s  standard f l a t  data f i l e s  an d , 
s u b j e c t  to  the  l i m i t a t i o n s  o f  th e  PG/2 macro p r o c esso r  and a 
t e l e t y p e  te r m in a l ,  the d ia lo g u e  goes some way towards e x h i b i t i n g  
tho d e s ir a b le  c h a r a c t e r i s t i c s  advocated  by M artin .
Although the  d ia lo g u e  i l l u s t r a t e d  in  Appendix IX shows th a t  
i t  i s  f e a s i b l e  to  s p e c i f y  a r eq u e s t  fo r  a r e p o r t  by means o f  a 
computer dominated d ia lo g u e ,  a com plete o p e r a t io n a l  system  i s  
n e c e s s a r y  b efore  the  d ia lo g u e  can be f u l l y  a p p r a ise d .  Only when 
the  u sers*  r e a c t io n s  to  the c l a r i t y ,  n a tu r a ln e s s  and s i m p l i c i t y  
o f  th e  d ia lo g u e  have been a n a ly sed  can i t s  e f f e c t i v e n e s s  be 
a s s e s s e d .  Ways in  which a ssessm en t  data can be gath ered  are  
c o n s id ered  in  S e c t io n  8.5»
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CHAPTER 6 
SYSTEM SPECIFICATION.
6 .1  INTRODUCTION
The COBOL r e p o r t  program g e n e ra t in g  sy stem , d es ign ed  fo r  
im p lem en tation  u s in g  the  PG/2 macro p r o c e s s o r ,  ad op ts  a r e l a t i o n a l  
view  o f  th e  data and u s e s  a computer dominated d ia lo g u e  fo r  
communicating w ith  th e  c a su a l  u s e r .  The d e s ig n  and system  
s p e c i f i c a t i o n  d e t a i l s  are p resen ted  in  t h i s  ch ap ter  under f i v e  
main head in gs:
1 .  The system  overv iew  which s e t s  out the  main b e n e f i t s  
( 2 )  o f  th e  COBOL rep o r t  program g en era to r  and r e l a t e s  i t s  o v e r a l l
s t r u c tu r e  to  th a t  o f  th e  h o s t  com puter's  o p e r a t in g  sy stem .
2 .  Thé d es ig n  and m aintenance o f  the C atalogue c o n ta in in g  
d e s c r ip t io n s  o f  th e  data f i l e s .
3# The p r o c e s s in g  o f  system  in p u t in  th e  form o f  th e
C ata logu e and the  u s e r ' s  data f i l e s .
4 .  The r ep o r t  output f a c i l i t i e s  in c lu d in g  the form o f  th e
■ ou tp u t f i l e  and th e  d e s ig n  o f  a r ep o rt  page.
5 .  The data m an ip u la tion  f a c i l i t i e s  which in c lu d e  th e
O p r o v is io n  o f  a d d i t io n a l  data i t e m s ,  both system  and u se r  c r e a t e d ,  
th e  t o t a l l i n g  f a c i l i t y  and th e  u se  o f  own code and c o r (^ ^ io n a l  
s ta te m e n ts .
The chapter  co n c lu d es  w ith  a summary and a p p r a i s a l .
6 .2  SYSTEM OVERVIEW
T his  s e c t io n  s e t s  out the main aims and b e n e f i t s  o f  th e  
COBOL r ep o rt  program g e n e r a t in g  system  and r e l a t e s  i t s  o v e r a l l  
s t r u c tu r e  to  th e  o p e r a t in g  system  o f  the  h o s t  computer. F e a tu re s  
which c o n tr ib u te  to  more e f f i c i e n t  computer usage  a re  n o t e d .  The 
s t a g e s  in t o  which th e  problem s p e c i f y i n g  d ia lo g u e  i s  segm ented
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are  i d e n t i f i e d  and th e  p r o v is io n s  o f  th e  ' h e l p ' f a c i l i t y  are  
o u t l i n e d .
6 .2 . 1  Aims, b e n e f i t s  and p r o p o sa ls
The main aims which have in f lu e n c e d  th e  o v e r a l l  d e s ig n  o f  
th e  COBOL g e n e ra t in g  system  are a s  fo l lo w s :
1 . Use o f  man/computer computer dominated d ia lo g u e  a s  th e  
b a s i s  fo r  g e n e r a t in g  COBOL programs to  s o lv e  a l im i t e d  range o f  
data p r o c e s s in g  problem s.
2 .  Make i t  ' e a s i e r ' fo r  th e  c a su a l  u se r  to  u se  th e  computer 
by a d o p tin g  a t u t o r i a l  approach and ta k in g  a r e l a t i o n a l  v iew  o f  
the  d a ta .
3» Ma|ce a c o n tr ib u t io n  towards h e lp in g  th e  u se r  to  u se  the
computer more e f f i c i e n t l y  b y .r e d u c in g  wastage in  terms o f  tim e and
I
r e so u r c e s  a t  the  pan/pomputer i n t e r f a c e .
4 .  To o f f e r  G O p e  o f  t h e  b e n e f i t s  o f  a  d a t a  b a s e  m a n a g e m e n t  
s y s t e m .
The range o f  data p r o c e s s in g  problems which may be s o lv e d  
u s in g  the COBOL g e n e r a t in g  system  has i n i t i a l l y  been r e s t r i c t e d  
to  the g e n e ra t io n  o f  r e p o r t s  u s in g  s e q u e n t ia l l y  o rg a n ised  f l a t  
data f i l e s .  The system  h a s ,  however, been d es ign ed  w ith  a v iew  
to  determ in in g  the  p o t e n t i a l  fo r  enhancement (and a v o id in g  
u n n ecessa ry  r e s t r i c t i o n s )  so th a t  i t  may then be used  to  s o l v e  a 
w ider range o f  problem s. There i s  p o t e n t ia l  fo r  s o l v i n g  problem s  
which may r eq u ire  th e  c r e a t io n  an d /or  updation  o f  data f i l e s  whose 
o r g a n is a t io n  can in c lu d e  d ir e c t  a c c e s s .
The b e n e f i t s  o f  the data base management system  approach  
accru e  in  th a t:
1 .  The p h y s ic a l  o r g a n is a t io n  o f  the data f i l e s  does  not  
concern th e  u ser  a s  he has o n ly  to  take a r e l a t i o n a l  v iew  o f  
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' 2 .  S e n s i t i v e  d e ts  i s  a f fo rd ed  some p r o t e c t io n  by a system
o f  passw ords. D i f f e r e n t  u s e r s  w i l l  have a c c e s s  to  d i f f e r e n t  data 
i te m s  depending on the  s e c u r i t y  l e v e l  o f  the  passwords th ey  are  
a l l o c a t e d .
The system  to  g en era te  a rep o rt  f a l l s  in t o  fou r  main p a r ts ;
1 .  The c r e a t io n  and meintenanance o f  the  c a ta lo g u e  o f  
data f i l e  d e s c r i p t i o n s .
2 .  The problem s p e c i f y i n g  d ia lo g u e .
3* The g e n e r a t io n  o f  the  COBOL program.
4 .  The c o m p ila t io n  and e x e c u t io n  o f  th e  generated  program
to produce the req u ired  r e p o r t .
Only the second part i s  c a r r ie d  out by the  c a su a l  u s e r ,  
a lth ou gh  he may i n i t i a t e  the  e x ec u t io n  o f  p a r t  t h r e e .  F igu re  6 .1  
shows how the above ta s k s  r e l a t e  to  each o t h e r ,  to  th e  PG/2 macro 
p r o c e s so r  and to the  o p e r a t in g  system  o f  th e  h o s t  computer.
As a id s  to  h e lp in g  th e  u ser  make more e f f i c i e n t  use  o f  the  
computer the f o l lo w in g  f e a t u r e s  are  in co rp o ra ted :
1 . Only the  problem s p e c i f y in g  d ia lo g u e  i s  c a r r ie d  ou t in  
foreground mode. Once th e  problem d e t a i l s  have been ' f i l e d '  th ey  
are  p assed  a c r o s s  to  the  system  so th a t  the g e n e r a t io n ,  c o m p ila t io n
Q  and e x ec u t io n  o f  the COBOL program may be c a r r ie d  out a s  a b atch
job in  background mode.
2 .  The u ser  i s  a llo w ed  some o p p o rtu n ity  to  experim ent w ith
th e  d es ig n  o f  r ep o r t  page la y o u t s  and f i e l d  e d i t i n g .  He i s  a l s o
a b le  to  view  a s t y l i z e d  page b e fo r e  com m itting h im s e l f  to  a f u l l  
prod u ction  run.
3* The d ia lo g u e  i s  check p o in ted  to a l lo w  i t  to  be 
r e s t a r t e d  a t  a p r e v io u s  s t a g e .
4 .  There i s  a ' h e l p ' f a c i l t y  which o f f e r s  the u se r  v a r io u s  
o p t io n s  in c lu d in g  the  chance to view  the  d ia lo g u e  fo r  s o l v i n g  th e  
model problem and th e  o p p o r tu n ity  to  change h i s  mind about
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e a r l i e r  d e c i s i o n s  by  r e s t a r t i n g  t h e  d i a l o g u e  a t  a p r e v i o u s  c h e c k  
p o i n t ,
6 . 2 . 2  Check p o i n t  s t a g e s
The p r o b l e m  s p e c i f y i n g  d i a l o g u e  i s  s e g m e n te d  i n t o  e i g h t e e n  
c h e c k  p o i n t e d  s t a g e s  w h i c h ,  i n  a s s o c i a t i o n  w i t h  t h e  %HELP 
f a c i l i t y ,  e n a b l e  t h e  u s e r  t o  c h a n g e  h i s  mind a b o u t  d e c i s i o n s  made 
i n  a p r e v i o u s  s t a g e .  Each s t a g e  c o v e r s  a new a s p e c t  o f  t h e  
p r o b l e m  s p e c i f i c a t i o n  a n d  i s  i n t r o d u c e d  by  some i n s t r u c t i o n a l  t e x t ,  
t h e  f i r s t  l i n e  o f  w h ic h  i n t r o d u c e s  t h e  s t a g e .  The u s e r ' s  p r o b l e m  
may n o t  r e q u i r e  t h e  u s e  o f  a l l  t h e  s t a g e s  w h ich  a r e  l i s t e d  i n  
o r d e r  b e lo w :
1 .  I n t r o d u c t i o n
2 .  P a s s w o rd  d i a l o g u e  
3» Data b a s e  su b m o d e l
4 .  S e l e c t i o n  o f  r e l e v a n t  domains  
5* T em p o ra ry  e x t e n s i o n s  t o  t h e  d a t a  b a s e  
6 .  Data  b a s e  i n c o n s i s t e n c i e s  
7* S e l e c t i o n  o f  d a t a  f o r  r e t r i e v a l  
8 .  R e p o r t  l a y o u t  i n t r o d u c t i o n  
^ 2 )  9* E d i t i n g
10 .  D e t a i l  l i n e ( s )  s p e c i f i c a t i o n
11 .  E x t r a  d a t a . i t e m s  -  d a t e ,  t i m e ,  page  number
12 .  R e p o r t  t i t l e  s p e c i f i c a t i o n
1 3 . Page  h e a d i n g  s p e c i f i c a t i o n
14 .  S e q u e n c e  b r e a k  h e a d i n g  s p e c i f i c a t i o n  
1 3 . S u b t o t a l  l i n e ( s )  s p e c i f i c a t i o n
1 6 . T o t a l - l i n e ( s )  s p e c i f i c a t i o n
1 7 . View o f  s a m p l e  r e p o r t  page
1 8 . Own code  p r o c e s s i n g
oo
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In g e n e r a l ,  th e  s t a g e s  e r e  c a r r ie d  out in  s e r i a l  order  
a lth o u g h ,  in  S tage  1?$ th er e  are  p r o v is io n s  fo r  r e p e a t in g  any  
o f  th e  l i n e  format s p e c i f i c a t i o n  s t a g e s  i f  th e  u se r  i s  d i s s a t i s f i e d  
w ith  h i s  d e s ig n .
6 . 2 . 3  Asking fo r  h e lp
The 'help* f a c i l i t y  may be invoked by ty p in g  the  f i v e
ch a r a c ter  s t r i n g  '%HELP' in  r e p ly  to  any prompt a t  any s ta g e
during the  problem s p e c i f y i n g  d ia lo g u e .
I n i t i a l l y  th e  f o l lo w in g  o p t io n s  w i l l  be a v a i l a b l e  to  th e  
u s e r  when he e n te r s  a p lea  fo r  h e lp :
1 .  Abandon the  d ia lo g u e .
2 .  R e s ta r t  th e  d ia lo g u e  a t  th e  b eg in n in g  o f  the  c u r ren t
s ta g e  or a t  a p rev io u s  s t a g e .
3 .  To view  the d ia lo g u e  fo r  the corresp on d in g  s ta g e  o f  th e  
sample problem and resume p r o c e s s in g  a t  the b eg in n in g  o f  th e  
cu rren t  s t a g e .
4 .  To experim ent w ith  e d i t i n g  data and then resume th e  
d ia lo g u e  a t  the b e g in n in g  o f  the cu rren t s t a g e s ( T h i s  o p t io n  i s  
o n ly  a v a i la b le  to  u s e r s  who have a lr e a d y  reached  S tage  9 where 
e d i t i n g  i s  in t r o d u c e d . )
As each s ta g e  depends on in form ation  ga th ered  in  an e a r l i e r  
s ta g e  i t  i s ,  w ith  the  e x c e p t io n  o f  the  rep o r t  la y o u t  s p e c i f i c a t i o n  
s t a g e s ,  n o t  p o s s i b l e  to  .provide  f a c i l i t i e s  fo r  r e p e a t in g  j u s t  one 
s t a g e .
\ '
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■ 6.3 THE CATALOGUE SYSTEM
This s e c t i o n  d e s c r ib e s  the  s e c u r i t y  mechanisms which p r o te c t  
th e  c a ta lo g u e  o f  f i l e  d e s c r ip t io n s  and i d e n t i f i e s  the  b a s ic  
p r o c e s s e s  which are  req u ired  to m aintain  i t .  The c a ta lo g u e  
s t r u c tu r e  i s  d e sc r ib e d  to g e th e r  w ith  the c o n s t r a in t s  which . 
in f lu e n c e d  the d es ig n  o f  record  form ats . The macro d e f i n i t i o n s  
used fo r  c a ta lo g u e  m aintenance are  d escr ib ed  in  o u t l i n e .  The 
ch ap ter  co n c lu d es  w ith  a b r i e f  a p p r a is a l  o f  th e  c a ta lo g u e  h a n d lin g  
sy stem .
2 2  6.3.1 Catalogue maintenance and security mechanisms
The c a ta lo g u e  o f  f i l e  d e s c r ip t io n s  i s  lo c a t e d  in  th e  PG/2 
macro p ro c esso r  CATALOGUE s u b f i l e  and i s  m ain ta ined  by a number 
o f  macro d e f i n i t i o n s  which carry  out a d ia lo g u e  w ith  the u s e r .
As i t  i s  en v isaged  th a t  the c a ta lo g u e  w i l l  be m ain ta ined  by an 
ex p er ien ced  u s e r ,  the  Data base A d m in is tra to r ,  th e  d ia lo g u e  
does not a ttem pt to be t u t o r i a l .  E x ten s iv e  v a l i d a t i o n  o f  th e  
u s e r ' s  r esp o n se s  i s ,  however, c a r r ie d  o u t .
The c a ta lo g u e  i s  p r o te c te d  by a s i n g l e  password and th e  
data item s w ith in  each f i l e  d e s c r ip t io n  are p r o te c te d  by a 
s e r i e s  o f  passw ords. The l a t t e r  d e f in e  d i f f e r e n t  l e v e l s  o f  
a c c e s s  and are  dual purpose fo r  th ey  l i m i t  a c c e s s  to  data and 
perm it c r e a t io n  o f  d i f f e r e n t  v iew s o f  the d a ta .
Up to  tw e lv e  l e v e l s  o f  a c c e s s  are  p erm itted  fo r  f i l e  
d e s c r i p t i o n s ,  but t h i s  i s  an a r b i t r a r y  l i m i t  which can r e a d i l y  
/  be extended should  the need a r i s e .  Any u ser  may have read
a c c e s s  to  a f i l e  d e s c r ip t io n  p r o v id in g  he i s  a b le  to su p p ly  a 
v a l i d  password fo r  th a t  f i l e .  The amount o f  in fo rm a tio n  to  which  
a c c e s s  i s  a llow ed  i s  determ ined by the s e c u r i t y  l e v e l  o f  th e  




a u to m a t ic a l ly  g ra n ts  a c c e s s  to  th a t  l e v e l  and a l l  l e v e l s  below i t .  
The h ig h e s t  s e c u r i t y  l e v e l  i s  1, so the password fo r  l e v e l  3 
g r a n ts  a c c e s s  to  data w ith  s e c u r i t y  l e v e l s  3 to  12 i n c l u s i v e .  I f  
d i f f e r e n t  u se r s  are  a l l o c a t e d  d i f f e r e n t  passwords fo r  th e  same 
f i l e ,  th ey  w i l l  have d i f f e r e n t  v iew s o f  i t s  c o n t e n t s .
I n i t i a l l y  macro d e f i n i t i o n s  are  provided fo r :
1 .  C reatin g  an empty c a ta lo g u e .
2 .  Changing th e  c a ta lo g u e  password.
3# I n s e r t in g  or d e l e t i n g  f i l e  d e s c r ip t io n s .
These can r e a d i ly  be supplem ented to  provide  f a c i l i t i e s  fo r  
p r in t in g  out f i l e  d e s c r i p t i o n s ,  changing f i l e  passw ords, e t c .
The p r o v is io n  o f  such f a c i l i t i e s ,  however, adds n o th in g  to  the  
r e se a rc h  p r o je c t  because no o r i g i n a l  id e a s  or tech n iq u es  a re  
in v o lv e d .
Only u se r s  a b le  to  supp ly  the  ca ta lo g u e  password may i n s e r t  
pr d e le t e  f i l e  d e s c r i p t i o n s .  In the  case  o f  a d e l e t io n  the  
jbighest s e c u r i t y  l e v e l  password must a l s o  be known. Changes to  
: p f i l e  d e s c r ip t io n  e re  e f f e c t e d  by a d e le t io n  fo l lo w e d  by an 
i n s e r t i o n ,  ^he method o f  record  m o d if ic a t io n  i s  a s im p le ,  
minimum e f f o r t  approach. I t  would be easy  to  d e f in e  a macro to  
2 2  a c c e s s ,  e d i t  and r e p la c e  a r e c o r d ,  but time consuming to  produce
i t  and u n n ecessary  fo r  t h i s  p r o je c t#
6#3#2 S tru ctu re  o f  the c a ta lo g u e
The ca ta lo g u e  o f  f i l e  d e s c r ip t io n s  i s  lo c a t e d  in  th e  
CATALOGUE s u b f i l e  o f  the PG/2 d is c  based f i l i n g  system  and 
c o n ta in s  th ree  c l a s s e s  o f  record :
1 . Catalogue c o n tr o l  r e c o r d .
1 2 .  F i l e  name r e c o r d s .
3# F ie ld  d e s c r ip t io n  r e c o r d s .
The two l a t t e r  c l a s s e s  c o n ta in  more than one reco rd  typ e  and are
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F igu re  6*2 C atalogue s t r u c tu r e
C atalogue c o n tr o l  record  
F i l e  name record  type 1 
F i l e  name record  type 1C 
F i l e  name record  type 2 
F i l e  name record  type 3 
F ie ld  d e s c r ip t io n  record  type 1 
F ie ld  d e s c r ip t io n  record type 2 
F ie ld  d e s c r ip t io n  record type 1 
F ie ld  d e s c r ip t io n  record  type. 2
F ie ld  d e s c r ip t io n  record  type 1 
F ie ld  d e s c r ip t io n  record  type 2 
F i l e  name record  type 1 
F i l e  name record  type 1C 
F i l e  name record  type 2 
F i l e  name record  type 3 
F ie ld  d e s c r ip t io n  record  type 1 
F i e ld  d e s c r ip t io n  record  type 2 
e t c .
F i r s t  f i l e  
^  d e s c r ip t io n
y
O
Second f i l e  
d e s c r ip t io n
O
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r e p e a t e d  f o r  e a c h  f i l e  d e s c r i b e d  i n  t h e  c a t a l o g u e .  As many o f  t h e  
f i e l d s  i n  t h e  c a t a l o g u e  r e c o r d s  c o n t a i n  v a r i a b l e  l e n g t h  d a t a  a 
comma i s  u s e d  a s  t h e  f i e l d  s e p a r a t o r .  F i g u r e  6 . 2  i l l u s t r a t e s  
t h e  c a t a l o g u e  s t r u c t u r e .
C a t a l o g u e  c o n t r o l  r e c o r d :
The CATALOGUE s u b f i l e  c o n t a i n s  o n l y  one  r e c o r d  o f  t h i s  t y p e  
an d  i t  i s  t h e  f i r s t  r e c o r d  i n  t h e  s u b f i l e .  The c o n t r o l  r e c o r d  
c o n t a i n s  t h e  f o l l o w i n g  i n f o r m a t i o n :
Count  o f  f i l e  d e s c r i p t i o n s  i n  t h e  c a t a l o g u e  
Count o f  a l l  r e c o r d s  i n  t h e  c a t a l o g u e  
(2 ^  C a t a l o g u e  p a s s w o r d
Number o f  s e c u r i t y  l e v e l s  u s e d  f o r  p r o t e c t i n g  a c c e s s  t o  
f i e l d  d e s c r i p t i o n s
D a te  a n d  t i m e  when t h e  c a t a l o g u e  was l a s t  u p d a t e d  
The f o r m a t  d e t a i l s  o f  t h e  c o n t r o l  r e c o r d  a r e  g i v e n  i n  A p p e n d ix  V 
( S e c t i o n  1 . 1 ) .
F i l e  name r e c o r d s :
Each f i l e  d e s c r i b e d  i n  t h e  c a t a l o g u e  h a s  a t  l e a s t  t h r e e  f i l e  
name r e c o r d s .  I f  t h e  c a t a l o g u e  s e c u r i t y  s y s t e m  e x t e n d s  b e y o n d  
f o u r  l e v e l s  t h e n  a f o u r t h  r e c o r d  w i l l  be p r e s e n t .  F i l e  name 
r e c o r d s  a r e  a l w a y s  f o l l o w e d  by  t h e  f i e l d  d e s c r i p t i o n  r e c o r d s  f o r  
t h e  same f i l e .  The f i l e  name r e c o r d s  c o n t a i n  t h e  f o l l o w i n g  
i n f o r m a t i o n .
^  F i l e  name
C ount  o f  t h e  number  o f  f i e l d s  d e s c r i b e d  i n  t h e  
c a t a l o g u e
P a s s w o r d s ,  on e  f o r  e a c h  s e c u r i t y  l e v e l  u p  t o  t h e  
f o u r t h
O
Type 1 





Passwords fo r  s e c u r i t y  l e v e l s  3 to  12 , i f  u se d ,  







D e sc r ip t io n  o f  f i l e  c o n te n ts
F i l e  medium 
Maximum b lock  s i z e  
Maximum record  s i z e  
F i l e  l a b e l ,  i f  a p p l ic a b le  
A ccess  mode
O r g a n isa t io n ,  i f  a p p l ic a b le
Length o f  sym bolic  k ey , i f  a p p l ic a b le
Number o f  f i e l d s  form ing the sym bolic  key  or  s o r t  key
Although the COBOL, g e n e r a t in g  macros c u r r e n t ly  r e s t r i c t  p r o c e s s in g  
to  s e q u e n t ia l  f i l e s ,  the  f i l e  name record s  have been d e s ig n ed  in  
a n t i c i p a t i o n  th a t  t h i s  r e s t r i c t i o n  w i l l  be eased  a t  a l a t e r  d a t e .  
Format d e t a i l s  fo r  th e  f i l e  name r eco rd s  are  g iv e n  in  Appendix V 
( S e c t io n s  1 .2  to  1 .3 )#
O F i e ld  d e s c r ip t io n  reco rd s:
For each f i e l d  in  a f i l e  record  which i s  l i k e l y  to  be u sed  
by the  system  a p a ir  o f  f i e l d  d e s c r ip t io n  rec o r d s  i s  s e t  up.
Not a l l  f i e l d s  in  the record  need be made a v a i l a b l e  to  th e  sy stem ,  
but a c c e s s  to  th o se  which are  i s  p r o te c te d  by the s e t  o f  m u l t i ­
l e v e l  passw ords. F i e ld s  may o v e r la p  or r e d e f in e  one a n o th e r .
The in c lu s io n  o f  th e  password and r e d e f in e  f a c i l i t i e s  means th a t  
d i f f e r e n t  u s e r s  w i l l  have d i f f e r e n t  record  d e s c r ip t io n s  in  th e  
gen era ted  COBOL program.
C u rren tly  f i e l d s  are  r e s t r i c t e d  to  DISPLAY u s a g e .  In ICL 
1900 COBOL p ar lan ce  t j i i s  means th a t  each c h a r a c te r  or  d i g i t  i n  a
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f i e l d  o c c u p i e s  one  ICL s i x - b i t  c h a r a c t e r .  A l t h o u g h  t h e  COBOL 
l a n g u a g e  a l l o w s  t h r e e  c a t e g o r i e s  o f  d a t a  ( a l p h a b e t i c ,  a l p h a n u m e r i c  
a n d  n u m e r i c ) , i t  was f e l t  t h a t  f o r  t h e  p u r p o s e s  o f  t h i s  s t u d y  t h e  
two l a t t e r  c a t e g o r i e s  would  be  a d e q u a t e .  T h e s e  i n i t i a l  
r e s t r i c t i o n s  do n o t  p r e c l u d e  t h e  i n c l u s i o n  o f  o t h e r  u s a g e s  o r  
c l a s s e s  o f  d a t a  a t  a l a t e r  d a t e .
The f i e l d  d e s c r i p t i o n  r e c o r d s  c o n t a i n  t h e  f o l l o w i n g  
i n f o r m a t i o n :
^ F i e l d  name
S e c u r i t y  l e v e l  
S t a r t  p o s i t i o n  
L e n g t h  o f  f i e l d  
F i e l d  t y p e
D e c im a l  p o i n t  l o c a t i o n ,  i f  a p p l i c a b l e  
Key f i e l d  i n d i c a t o r  
S e q u e n c e  o r d e r  f o r  k e y  f i e l d s  
Domain i n d i c a t o r
Type 1 
r e c o r d
O
Type 2 
r e c o r d
D e s c r i p t i o n  o f  f i e l d  c o n t e n t s
The domain  i n d i c a t o r  s e r v e s  t o  show w h e t h e r  o r  n o t  t h e  c o n t e n t s  
o f  t h i s  f i e l d  t h r o u g h o u t  t h e  f i l e  c an  be  c o n s i d e r e d  t o  fo rm  a 
do m a in .  F o r  p r a c t i c a l  p u r p o s e s ,  t h i s  means  t h a t  t h e  c o n t e n t s  o f  
t h i s  f i e l d  i n  e v e r y  r e c o r d  o f  t h e  f i l e  i s  u n i q u e .
F o rm a t  d e t a i l s  f o r  f i e l d  d e s c r i p t i o n  r e c o r d s  a r e  g i v e n  i n  
A p p e n d ix  V ( S e c t i o n s  1 . 6  an d  1 . 7 ) *
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6 . 3 . 3  C o n s tr a in ts  on the  d e s ig n  o f  ca ta lo g u e  reco rd s
The form ats fo r  each type o f  record  in  th e  CATALOGUE s u b f i l e  
a re  g iv en  in  Appendix V. The r e s t r i c t i o n s  on f i e l d  s i z e  or
c o n te n t s  were imposed fo r  two main reasons:
1 . Those imposed by the ICL 1900 s e r i e s  COBOL co m p lier  or
o p e r a t in g  system , e . g .
30 c h a r a c te r s  fo r  a f i l e  name
12 c h a r a c te r s  fo r  a f i l e  la b e l
120 c h a r a c te r s  fo r  th e  maximum f i e l d  s i z e
9 s o r t  keys
64 c h a r a c te r s  fo r  th e  le n g th  o f  a sym bolic  key
2 .  Those which seem rea so n a b le  to  cover  most p r a c t i c a l  
a p p l i c a t i o n s ,  e . g .
F i l e ,  record  and f i e l d  counts
Number o f  s e c u r i t y  l e v e l s
The c o h te n ts  o f  c e r t a in  f i e l d s  i s  tem p o ra r ily  r e s t r i c t e d  
by th e  f a c i l i t i e s  implemented in  th e  i n i t i a l  v e r s io n s  o f  th e
I
m acros. For example, b in ary  f i e l d s  are  exclu ded  and o n ly  numeric  
and alphanumeric f i e l d s  are  c a te r e d  f o r .  The c a ta lo g u e  r e c o r d s  
a re  d es ign ed  to  perm it the  a d d it io n  o f  enhancements w ith o u t  
changes to  the  record  form ats .
The n o ta b le  e x c e p t io n  to  th e  above i s  the  l i m i t a t i o n  o f  
f i e l d  names to l4  c h a r a c te r s  when COBOL would perm it the  u se  o f  
up to 30 c h a r a c t e r s .  The computer dominated d ia lo g u e  w ith  th e  
u se r  r e s t r i c t s  r e sp o n se s  so th a t  th ey  w i l l  f i t  on one l i n e  o f  
th e  t e l e t y p e  or v i s u a l  d i s p la y  u n i t .  The problems o f  u se r  e rro r  
and resp on se  v a l id a t io n  are much g r e a te r  i f  c o n t in u a t io n  l i n e s  
a re  a l lo w e d .  The u s e r ' s  c o n d it io n  s p e c i f y i n g  and own code  
s ta te m e n ts  are  th o se  where the  le n g th  o f  the  f i e l d  name (domain  
name) becomes c r i t i c a l .
Of the 72 p o s i t i o n s  norm ally  a v a i la b le  on a te r m in a l  d e v ic e  
one i s  taken up by the  o p e r a t in g  s y s te m 's  i n v i t a t i o n  to  typ e
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c h a r a c t e r .  A fu r th e r  ch a r a cter  i s  s a c r i f i c e d  in  order to  fo r c e  
th e  i n v i t a t i o n  to  type on to  the  l i n e  fo l lo w in g  a r e q u e s t  fo r  
: in fo rm a tio n  (Appendix VI S e c t io n  1 -  PROMPT r o u t i n e ) .  A maximum
o f  70 c h a r a c te r s  i s  then a v a i la b le  fo r  the  u s e r ' s  r e s p o n se .
Although the  own code s ta te m e n ts ,  which are  th o se  where 
space fo r  domain ( f i e l d )  names becomes most c r i t i c a l ,  would a l lo w  
up to  16 c h a r a c ter s ,  t h i s  has been reduced to  14 to  cope w ith  the  
f o l lo w in g  s i t u a t i o n s :
1 . When a non-key domain occu rs  in  more than one r e l a t i o n  
( f i l e )  i t  i s  n e c e s s a r y  to d i s t i n g u i s h  between o ccu rr e n c es  a s  t h e i r  
c o n te n t s  may not be i d e n t i c a l .  A d d it io n a l  numeric c h a r a c te r s  are  
s u f f i x e d  to  each d u p l ic a te  non-key domain name in  the u s e r ' s  
data base submodel to  pad i t  out to  13 c h a r a c t e r s .  For exam ple, 
i f  th e  non-key domain DELIVERY-COST occu rs  in  two r e l a t i o n s ,  
when th e  data base submodel d e t a i l s  are  d is p la y e d  to  th e  u s e r  i t  
w i l l  be c a l l e d  DELIVERY-COST in  the  f i r s t  r e l a t i o n  and 
/  DELIVERY-C0ST22 in  th e  second r e l a t i o n .
 ^ 2 .  When a u ser  o p ts  to  have t o t a l s  accum ulated fo r  th e
c o n te n t s  o f  numeric domains ( 6 . 6 . 3 ) he i s  a l lo w ed  a c c e s s  to  th e  
t o t a l s  in  own code s ta te m e n ts  ( 6 . 6 . 3 ) .  In order  to  d i s t i n g u i s h  
2 2  between the  t o t a l  o f  i tem s from a g iven  domain and the  a s i n g l e
item  from th e  same domain, th e  domain name i s  p re fa ced  by a * 
c h a r a c ter  when the  t o t a l  i s  r e f e r e n c e d .  For exam ple, i f  a u s e r  , 
has opted  to have th e  c o n te n ts  o f  the  domains DELIVERY-C0ST22 
and MILAGE accu m ulated , he can c a l c u l a t e  AVE-COST-MILE u s in g  
th e  f o l lo w in g  own code s ta tem en t:
DIVIDE *DELIVERY-C0ST22 BY *MILAGE GIVING AVE-COST-MILE
The r e s t r i c t i o n  to  l4  c h a r a c te r s  was n o t  f e l t  to  be too  
in c o n v e n ie n t  fo r  th e  data base a d m in is tr a to r  when he d e v is e d  
m eanin gfu l mnemonics fo r  f i e l d  names. This i s  e s p e c i a l l y  so  
88 th e  c a ta lo g u e  in c lu d e s  a d e s c r ip t io n  record  fo r  each f i e l d .
: I ' ->30
6 . 3 . 4  C reation  o f  an empty c a ta lo g u e
The CREATE mocrp c r e a t e s  the  c o n tr o l  record  fo r  an empty 
c a ta lo g u e  (Appendix V S e c t io n  1 ) .  The macro c a r r i e s  out a sh o r t  
d ia lo g u e  w ith  the data base a d m in is tr a to r  to  ga th er  d e t a i l s  about  
th e  c a ta lo g u e  password and th e  number o f  s e c u r i t y  l e v e l s  by which  
th e  data f i l e s  to  be d e scr ib e d  t h e r e in  w i l l  be p r o t e c t e d .  The 
im p lem en tation  d e t a i l s  fo r  th e  CREATE macro a re  d e sc r ib e d  in  
S e c t io n  7*4.
6 . 3 . 3  Changing th e  c a ta lo g u e  password
2 2  The PASSCHANGE macro en a b le s  the data base  a d m in is tr a to r  to
change th e  password in  the  c a ta lo g u e  c o n tr o l  r e c o r d .  The macro 
c a r r i e s  ou t a b r i e f  d ia lo g u e  during  which th e  o ld  password must be 
c o r r e c t l y  en tered  b e fo r e  th e  new password may be s p e c i f i e d .
The im plem entation  o f  th e  PASSCHANGE macro i s  d e scr ib e d  in  S e c t io n
7.5*
i 6 . 3 . 6  I n s e r t in g  an d /or  d e l e t i n g  c a ta lo g u e  f i l e  d e s c r ip t io n s
A s e t  o f  chained  m acros, th e  L ib rar ian  m acros, i s  used  to
2 2  ca rr y  out th e  i n s e r t i o n  and /or  d e l e t io n  o f  f i l e  d e s c r ip t io n s  in
th e  CATALOGUE s u b f i l e .  The macros are chained because  o f  th e  la r g e  
number o f  macro-tim e s ta te m e n ts  needed to g a th er  and v a l i d a t e  
a l l  the in fo rm a tio n  needed to  add a f i l e  d e s c r ip t io n  to  th e  
c a t a lo g u e .  In order  to  m odify  a f i l e  d e s c r ip t io n  i t  i s  f i r s t  
n e c e s s a r y  to  d e l e t e  the  o ld  d e s c r ip t io n  b e fo r e  the new d e s c r ip t io n
i s  inserted (6.3*1)#
Because the s e c u r i t y  p r o c e s s in g  fo r  th e  i n s e r t i o n  and 
d e l e t i o n  o f  a f i l e  d e s c r ip t io n  have common f e a t u r e s  in  th e  
ch eck in g  o f  passwords and f i l e  names, i t  i s  c o n v en ien t  to  c a r r y  
ou t th e  c a ta lo g u e  amending p r o c e s s e s  by means o f  fou r  macros -
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LIBRARIAN, LIBPRELIM, LIBADD and LIBDELETE. F igure  6.3  
i l l u s t r a t e s  the  fu n c t io n  and l in k a g e  o f  the m acros. The 
im p lem en tation  d e t a i l s  fo r  the  L ib ra r ia n  macros are  d e sc r ib e d  in  
•S ec t io n  7 . 6 .  ,
F ig u re  6 .3  L ib ra r ia n  macroa f o r  c a ta lo g u e  m aintenance
Password d ia lo g u e  fo r  
c a ta lo g u e  a c c e s s .
O
O
D ia logue  to  e s t a b l i s h  the  u s e r ' s  
o p t io n  -  add, d e l e t e  or f i n i s h .  
When add or d e l e t e  i s  s e l e c t e d  
th e  f i l e  name and password are  
req u ested  b e fo re  c h a in in g  to  
th e  a p p ro p r ia te  p rocq p sin g  
macro.
D ia logue to  g a t h e r ’ 
in fo rm a tio n  about  
the  new f i l e .
I n s e r t  the  
d e s c r ip t io n  in  the  
c a ta lo g u e  and update  
th e  c a ta lo g u e  c o n tr o l  
r e c o r d .
D e le te  th e  f i l e  
d e s c r ip t io n  from th e  
c a ta lo g u e  and update  
th e  c a ta lo g u e  c o n t r o l  
r e c o r d .
oo
132
6 . 3 . 7  A p p ra isa l
The c a ta lo g u e  system  w ith  i t s  dual purpose passwords en a b le s  
th e  COBOL rep o rt  program g e n e r a t in g  system  to  p r e se n t  a r e l a t i o n a l  
view  o f  the  data base to  the  c a su a l  u s e r .  Enhancements to  the  
COBOL g e n e r a t in g  s y s te m ,.w h ich  extend th e  range o f  a c c e p t a b le  
f i e l d  or f i l e  t y p e s ,  can r e a d i l y  be accomodated w ith in  th e  p r e se n t  
c a ta lo g u e  form at.
The macro d e f i n i t i o n s  s p e c i f i e d  are th e  minimum n e c e s s a r y  to  
m ain ta in  the  c a ta lo g u e  fo r  u se  by the  COBOL g e n e r a t in g  sy stem .
The L ib rar ian  macros fo r  i n s e r t i n g  and d e l e t i n g  f i l e  d e s c r ip t io n s  
f r e q u e n t ly  a c c e s s  th e  CATALOGUE s u b f i l e  and t h e i r  run time  
e f f i c i e n c y  i s  a d v e r s e ly  a f f e c t e d  by the  i n e f f i c i e n t  im plem enataion  
o f  the PG/2 m acro-tim e s ta te m e n ts  fo r  s u b f i l e  a c c e s s  ( 4 . 8 . 2 ) .
T his  problem a s i d e ,  th e r e  i s  c o n s id e r a b le  p o t e n t i a l  fo r  e x te n d in g  
th e  range o f  f a c i l i t i e s  a v a i l a b l e  to  both th e  data base  
a d m in is tr a to r  and th e  c a su a l  u se r  fo r  a c c e s s in g  c a ta lo g u e  
in fo r m a t io n .
6 .4  INPUT PROCESSING
The d e s c r ip t io n  o f  th e  r ep o r t  program g en era to r  p ar t  o f  th e  
system  s t a r t s  w ith  t h i s  s e c t io n  which d e a ls  w ith  in p u t p r o c e s s in g .  
The use  made o f  the  c a ta lo g u e  o f  f i l e  d e s c r ip t io n s  and the  
im p l ic a t io n s  o f  u s in g  more than one in p u t f i l e  to  s o lv e  th e  u s e r ' s  
problem are  d i s c u s s e d .  The in p u t  to  the  r ep o r t  g en era to r  p a r t  o f  
the system  i s  summarised d ia g r a m a t ic a l ly  in  F igu re  6 . 4 .
6 .4 .1  Input f i l e  d e s c r ip t io n s
D e s c r ip t io n s  o f  a l l  the f i l e s  th a t  may be used by th e  system  
a re  h e ld  in  the CATALOGUE s u b f i l e  which i s  m ain ta in ed  by th e  
data base  a d m in is tr a to r  ( 6 . 3 ) .  The COBOL g e n e r a t in g  system
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F igu re  6.4 C O B O L  r e p o r t  p r o g r e m  g e n e r a t i n g  s y s t e m  i n p u t  s u m m a r y
Data b a s e  f i l e  
d e s c r i p t i o n s
C0 5 0 U
PROOiRAKi
GENERATION
Data f i l e s  on v a r io u s  
media c o n ta in in g  
problem data (maximum 
number of f i l e s  i s  9)
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c a r r i e s  on a d ia lo g u e  w ith  the u ser  about r e l a t i o n  names ( f i l e  
names) and passwords to  determ ine which f i l e s  are  to  be used  by 
th e  gen era ted  COBOL program to  produce the req u ired  r e p o r t .  From 
th e  in fo rm a tio n  ga th ered  during t h i s  d ia lo g u e  a s h o r te r  v e r s io n  
o f  the  c a ta lo g u e  i s  w r i t t e n  in  th e  SUBMODEL s u b f i l e  (Appendix V 
S e c t io n  2 and F igure  6 . 4 ) ,  SUBMODEL c o n ta in s  d e t a i l s  o f  o n ly  
th e s e  f i l e s  which co n ta in  problem d a ta . Only f i e l d s  to  which th e  
u se r  has password a c c e s s  and which fe a tu r e  in  th e  problem are  
d e sc r ib e d  in  SUBMODEL.
From th e  in fo rm a tio n  in  the SUBMODEL s u b f i l e  a l l  the COBOL 
f i l e  d e s c r ip t io n  s ta te m e n ts  can be generated  w ith ou t the u se r  
hav in g  to know a n y th in g  about the  p h y s ic a l  or l o g i c a l  o r g a n is a t io n  
o f  the d a ta .  The system  d es ign ed  can o n ly  g en era te  COBOL 
s ta te m e n ts  fo r  s e q u e n t ia l  a c c e s s  f i l e s  on punched c a r d s ,  paper  
ta p e ,  m agnetic tape or d i s c .  The f i l e s  must be in  a sce n d in g  
sequence and each record  must have a unique k e y .  The c a ta lo g u e  
i s ,  however, d es ign ed  to  h o ld  d e s c r ip t io n s  o f  d i r e c t  a c c e s s  f i l e s  
and th o se  w ith  k eys  in  d escen d in g  seq u en ce. P r o c e s s in g  to  
g en era te  COBOL s ta te m e n ts  fo r  such f i l e s  can th e r e f o r e  be 
incorporated! in  the system  design , a t  a l a t e r  d a t e .  The v a r io u s  
r e s t r i c t i o n s !  on the system  d es ig n  are  made n e c e s s a r y  by th e  need  
to  d es ig n  a com plete t y p i c a l  system  ( a l l  f e a t u r e s )  and t h e r e f o r e  
no one fe a tu r e  can be fo l lo w ed  in  every  a s p e c t .
The two main uspge forms common to a l l  COBOL d i a l e c t s  are  
DISPLAY and COMPUTATIONAL, a lth ou gh  th ere  are  f r e q u e n t ly  o th e r  
u sa g e s  which are  machine dependent. In the i n i t i a l  system  d e s ig n  
a l l  f i e l d s  d escr ib ed  in  the c a ta lo g u e  are assumed to  have DISPLAY 
u sa g e .  Only numeric f i e l d s  can be used in  a r i th m e t ic  o p e r a t io n s ,  
but sequence key f i e l d s  may be e i t h e r  numeric or  a lp h an u m eric .
7'v"irj
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6.4.2 Use of more than one input f i l e
The data f i l e s  to  be used by the  gen erated  COBOL program 
were not s p e c i f i c a l l y  d e s ig n e d ,  c re a te d  or m ain ta ined  fo r  u se  
i n  a r e l a t i o n a l  data b a se .  They are  th e r e fo r e  n o t  n e c e s s a r i l y  in  
a s u i t a b l y  norm alised  form. In order to  g en e ra te  COBOL s ta te m e n ts  
to  c o n t r o l  the  r ea d in g  o f  reco rd s  and the m atching o f  sequence  
k ey s  when the  r ep o rt  dhta i s  lo c a t e d  on more than one f i l e ,  some 
r e s t r i c t i o n s  must be p la ced  on the  f i l e s  which a re  a c c e p t a b le .
This  problem i s  approached in  th re e  ways.
F i r s t ,  a l l  non-key f i e l d  names must be unique; o n ly  a key
f i e l d  name may be used in  more than one f i l e .  T h is  r e s t r i c t i o n  i s  
n ot imposed during c a ta lo g u e  m aintenance ( 6 . 3 ) ,  but i s  d e la y e d  
u n t i l  S tage  3 o f  th e  problem s p e c i f y in g  d ia lo g u e  (7 * 1 0 ) ,  where i t  
i s  a u to m a t ic a l ly  r e s o lv e d .  D u p lica te  non-key f i e l d  names a r e  made 
unique by appending c h a r a c te r s  to  the  name b e fo r e  i t  i s  d i s p la y e d  
to  th e  u ser  (6.3*3)* A u ser  may n o t i c e  th a t  th e  names o f  domains
in  a r e l a t i o n  change s l i g h t l y  from problem to  problem.
In th e  second approach to  the  han d lin g  o f  n on -n orm alised  
data f i l e s ,  the u se r  may be made aware o f  r e s t r i c t i o n s ,  i f  th e  
f i l e s  he s e l e c t s  do not conform to  c e r t a in  key  m atching c r i t e r i a .
G )  The system  d es ign ed  i s  capab le  o f  g e n e r a t in g  COBOL s ta te m e n ts  to
match reco rd s  in  f i l e s  which have th e  same sequence k ey  f i e l d s ,  or  
whose sequence k eys  are  an ordered su b se t  o f  th o se  in  th e  f i l e  
w ith  th e  most k e y s ,  e . g . :
F i l e  number Record format
1 KEY-A. KEY-B 1KEY-C KEY-D non-key data f i e l d s  5
1KEY-A KEY-B KEY-C KEY-D non-key data f i e l d s  S
3 [kEY-B KEY-C I non-key data f i e l d s  ^
4 [keY-A non-key data f i e l d s
5 IKEY-D I non-key data f ie ld 's?
6 (KEY-D 1 KEY-E non-key data f i e l d s
7 (KEY-E 1 non-key data f ie lds  /
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Records from sny com bination  o f  f i l e s  2 to  5 may be matched w ith
rec o r d s  from f i l e  1* Records from f i l e s  6 and 7 cannot be matched
w ith  reco rd s  from f i l e  1 a s  i t  does not c o n ta in  KEY-E.
I f  the! keys  in  th e  f i l e s  s e l e c t e d  by th e  u ser  do not s a t i s f y  
: :
th e  f i l e  matching c r i t e r i a ,  he i s  a d v ise d ,  d u rin g  Stage 3 o f  the
: ; • . ■
problem s p e c i f y in g  d ia lo g u e ,  th a t  h i s  r e l a t i o n s  cannot be j o in e d .
The run i s  term in ated  u n le s s  th e  u ser  w ish es  to  r e s p e c i f y  th e
r e l a t i o n s  to  be u sed .
The th ir d  way in  which the  u se  o f  more than one data f i l e
can a f f e c t  the g e n e ra t io n  o f  the COBOL program i s  in  the h a n d lin g
o f  unmatched key v a lu e s .  As th e  data f i l e s  a re  cre a te d  and
m ainta ined  by o th e r  programs, t h e i r  i n t e g r i t y  cannot be g u a ra n teed .
In Stage  6 (7*3) th e  u ser  i s  th e r e fo r e  i n v i t e d  to  s e l e c t  one o f
th r e e  ways o f  h a n d lin g  unmatched keys:
1. The unmatched reco rd s  are  ig n o red .
2 .  A dummy m atching record  i s  c rea ted  in  which a l l  th e  
numeric non-key f i e l d s  e r e  zero and a l l  the alphanumeric non -key  
f i e l d s  are  b lan k .
3 . The e x e c u t io n  o f  the  COBOL program i s  ter m in a ted .
In a l l  c a s e s  the  u ser  i s  g iv e n  the o p t io n  o f  h av in g  an
erro r  message d is p la y e d  by th e  COBOL program. The error  m essage  
w i l l  g iv e  the  f i l e  name and key v a lu e s  to g e th e r  w ith  a b r i e f  
comment. The u ser  may, i f  he w is h e s ,  s p e c i f y  the  t e x t  o f  th e  
comment which, by d e f a u l t ,  c o n s i s t s  o f  the  word 'MIS-MATCH*.
Up to  n in e  in p u t  data f i l e s  can be handled by the  COBOL
g e n e r a t in g  system  and each f i l e  may have up to  n in e  key f i e l d s .
Each record  i s  assumed to  have a unique key v a lu e .
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6 .3  REPORT OUTPUT FACILITIES
In t h i s  s e c t i o n  the  o v e r a l l  d es ig n  o f  the  r ep o rt  i t s e l f  i s  
d is c u s s e d .  The gen era ted  COBOL program a s s ig n s  the r ep o rt  output  
to  a l i n e  p r in t e r  f i l e ,  where each non-blank l i n e  o f  the  r ep o rt  
o c c u p ie s  one record  w ith in  the  f i l e .  The form and c o n ten t  o f  the  
r ep o r t  f i l e  r eco rd s  are  l a r g e l y  under the u s e r ’s  c o n tr o l  a s ,  
during the  problem s p e c i f y i n g  d ia lo g u e ,  he i s  o f f e r e d  a 
com prehensive range o f  f a c i l i t i e s  to  enable  him to d es ig n  th e  
la y o u t  o f  a p r in te d  page.
D e t a i l s  o f  the  r e p o r t  output f a c i l i t i e s  o f f e r e d  to  th e  u ser  
end the means by which th ey  are  provided are  d escr ib e d  in  th e  
paragraphs which f o l l o w .  These f a c i l i t i e s  c o n s i s t  o f  c h o o s in g  
the  r ep o r t  page d im ensions and th e  s e l e c t i o n  and d es ig n  o f  
v a r io u s  c a t e g o r ie s  o f  output which may be used to enhance th e  
p r e s e n t a t io n  o f  th e  rep o r t  d a ta ,  e . g .  t i t l e ,  page head in g  e t c .
The s p e c i f i c a t i o n  o f  p r in t  l i n e  form ats and the  f a c i l i t i e s  fo r  
e d i t i n g  the  output data are  a l s o  d e s c r ib e d .  The s e c t i o n  c o n c lu d es  
w ith  a d e s c r ip t io n  o f  th e  f a c i l i t y  to  view a s t y l i s e d  sample  
page and the o p t io n s  a v a i l a b l e  fo r  r e d e s ig n in g  i t .
6 .3 .1  Page dim ensions and c a t e g o r ie s  o f  ou tp u t
Although i t  i s  boped u l t im a t e ly  to  o f f e r  a c h o ic e  betw een a 
narrow (72 c h a r a c te r s )  and a wide (120 c h a r a c te r s )  page th e  
p r e se n t  im plem entstiop. o f f e r s  o n ly  a narrow page.
The format o f  t]jie rep o rt  l i n e s  and the number o f  l i n e s  per  
page are  s p e c i f i e d  duping a d ia lo g u e  w ith the  system . A page  
may co n ta in  between 40 and 99 l i n e s  w ith  60 l i n e s  b e in g  th e  
d e f a u l t  o p t io n .  The r ep o r t  f i l e  r eco rd s  a re  s p e c i f i e d  under s i x  
c a t e g o r i e s ;
1 .  Report t i t l e
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2 .  Page head in g  
3* Sequence break head in gs  
; 4 .  D e t a i l  l i n e s  
5* S u b to ta ls
6 . T o ta ls
The u ser  i s  prompted to d es ig n  the format o f  reco rd s  in  each  
o f  the  c a t e g o r ie s  a p p l i c a b le  to  h i s  problem. Sequence break  
h ead in gs  are  o f f e r e d  o n ly  i f  two or more sequence k eys  are  used in  
th e  in p u t f i l e ( s ) .  S u b to ta ls  and t o t a l s  are  o f f e r e d  o n ly  i f  the  
autom atic  t o t a l l i n g  f a c i l i t y  has been req u ested  ( 6 . 6 . 3 )*
Each c a teg o ry  may c o n s i s t  o f  more than one l i n e  o f  ou tp u t  
and in c lu d e  blank l i n e s .  The u ser  may a l s o  s p e c i f y  the  number o f  
blank l i n e s  which precede the  f i r s t  l i n e  o f  an output c a t e g o r y .
The format o f  each ouput l i n e  i s  d escr ib ed  by th e  u ser  in  a 
s im i la r  way to th a t  used in  F i l e t a b  ( 2 . 3 ) .  Text in  the  form o f  an 
alphanumeric l i t e r a l  may a l s o  be in c lu d ed  in  any rep o r t  l i n e .  
Further d e t a i l s  o f  the  a l l o c a t i o n  o f  f i e l d  s p e c i f i c a t i o n
■ " . ' i .  ^ '
c h a r a c te r s  are  g iv en  in  S e c t io n  6 .3 * 8 .
F igure 6 .3  summarises the ty p es  o f  f i e l d  which may appear  
in  each ca teg o ry  o f  o u tp u t .  D e sc r ip t io n s  o f  th e  four r ig h t - m o s t  
f i e l d  ty p es  are  g iv en  in  S e c t io n  6 . 6 .
Although the  wide page o p t io n  would make f u l l  u se  o f  th e  
l i n e  p r in t e r  f a c i l i t i e s ,  the  narrow page has a number o f  p o in t s  
to  commend i t ,  e s p e c i a l l y  as  the  u s e r ' s  te rm in a l may be r e s t r i c t e d  
to  72 c h a r a c te r s  per l i n e :
1 . When th e  gen erated  COBOL program i s  execu ted  w ith  r e a l  
data the  output may, by means o f  job c o n tr o l  commands, be d i r e c t e d  
to  a f i l e s t o r e  f i l e .  L ater i t  may be recovered  and l i s t e d  on th e  
u s e r ' s  term in a l w ith ou t the wrap ro u n d /tru n ca tio n  problems which  
occu r  when an o v e r le h g th  l i n e  i s  output on a te r m in a l .
2 ,  The narrow page computer produced r e p o r t  can r e a d i l y  be
oo
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bound w ith  m anually produced m a te r ia l  on A4 s i z e d  paper.
3* I t  i s  proposed to  o f f e r  the user  the o p p o r tu n ity  o f  
s e e in g  a dummy r ep o rt  page a f t e r  he has com pleted the d e s ig n .  The 
wide page would have to  be d isp la y e d  on the u s e r ' s  te rm in a l in  two 
p a r t s ,  the  l e f t - h a n d  s id e  o f  the  page and then th e  r ig h t-h a n d  s id e  
s i d e .  Checking the page la y o u t  where the two p a r ts  meet would 
then p r esen t  problems fo r  the user#
A record d e s c r ip t io n  fo r  each type o f  non-blank r ep o r t  l i n e  
i s  gen era ted  in  th e  WORKING-STORAGE s e c t io n  o f  th e  program in  the  
form o f  a group f i e l d .  The e lem entary  f i e l d s  o f  the group w i l l  
depend on the  c o n te n t s  o f  the p r in t  l i n e  s p e c i f i e d .  The WRITE . . .  
FROM . . . .  AFTER ADVANCING . . . .  form i s  used in  th e  Procedure  
d i v i s i o n  o f  the program to move the group c o n te n t s  to  th e  r ep o r t  
f i l e  record  area and to c o n tr o l  the l i n e  sp a c in g  when the  r e p o r t  
f i l e  i s  p r in t e d .  The gen era ted  program u se s  Z-REPORT-FILE a s  the  
rep o r t  f i l e  name and Z-OUTREC a s  i t s  record a r e a ,
6 . 3 . 2  Report t i t l e
A t i t l e  i s  o p t i o n a l ,  but i f  p re sen t  i t  o c c u p ie s  th e  f i r s t  
page o f  the r e p o r t .  I t  c o n s i s t s  o f  one or more l i n e s  some Of 
which may be b lan k . The non-blank l i n e s  may in c lu d e  t e x t ,  th e  
page number, the date  and the  t im e. The page number o f  th e  t i t l e  
page i s  z e r o .
The u ser  may s p e c i f y  on which l i n e  o f  the page th e  f i r s t  
l i n e  o f  the t i t l e  i s  to appear. This must be a non-blank l i n e  
and may not be more than h a l f  way down the p age . By d e f a u l t  th e  
t i t l e  w i l l  s t a r t  a t  the  l i n e  One qu arter  o f  th e  way down th é  
page.
In the gen erated  program the non-blank t i t l e  l i n e  data  
d e s c r ip t io n s  are  group f i e l d s  c a l l e d  Z-TITLE-n, where n i s  th e
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number o f  the t i t l e  l i n e  ex c lu d in g  in ter m e d ia te  blank l i n e s ,  e . g .  
Z-TITLE-1, Z-TITLE-2 e t c .  • \
6 .3 * 3  Page heading
A page heading  i s  o p t io n a l  but i f  p r e sen t  i t  c o n s i s t s  o f  
one or more l i n e s  some o f  which may be b lan k . Any non-blank  
l i n e s  may in c lu d e  t e x t ,  the d a te ,  the t im e, the  page number, any 
temporary data item  or any item  from the c u r r e n t ly  r e t r i e v e d  s e t  
o f  data ( i . e .  the cu rren t t u p l e ) .  Page numbering always, s t a r t s  a t  
1 , even i f  the r ep o r t  t i t l e  has been o m it te d .  I f  a p r in te d  page 
heading i s  not req u ired  COBOL sta.tem ents are gen era ted  which  
ensure th a t  a sk ip  to a new page ( i . e .  c h a n n e l-1 ) i s  made a s  
r eq u ir ed  w ith ou t v i s i b l e  p r in t in g .
The u ser  may s p e c i f y  on which l i n e  o f  th e  page the  f i r s t  
l i n e  o f  the page head in g  i s  to  appear. This must be a non-b lank  
l i n e  and may not s t a r t  more than 10 l i n e s  from the top o f  th e  page,
By d e f a u l t  the h ead in g  w i l l  s t a r t  a t  l i n e  1 .
A page h ead in g , e i t h e r  v i s i b l e  or i n v i s i b l e ,  i s  fo l lo w e d  by
th e  sequence break h e a d in g s ,  i f  s p e c i f i e d ,  fo r  the  cu rren t major 
to  p en u lt im a te  minor k e y s .
In the  gen era ted  COBOL program the  group data d e s c r i p t i o n s  , 
fo r  the  page heading l i n e s  are  c a l l e d  Z-PAGE-n, where n i s  th e  
number o f  th e  page head in g  l i n e  ex c lu d in g  in te r m e d ia te  b lank  
l i n e s ,  e . g .  Z-PAGE-1, Z-PAGE-2 e t c .
6 .3 * 4  Sequence break h ead in gs
The u ser  i s  o f f e r e d  the sequence break h ead in g  f a c i l i t y  i f  
h i s  data f i l e s  have two or more sequence key f i e l d s .  A seq uence  
break head in g  may be s p e c i f i e d  fo r  each sequence key from major to  
p en u lt im a te  minor end c o n s i s t  o f  one or  more l i n e s ,  some o f  which
oo
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may be b lan k . T ex t ,  temporary i tem s  or any item  from the  
c u r r e n t ly  r e t r i e v e d  s e t  o f  data may be in c lu d ed  in  any non-blank  
l i n e .
The u ser  may s p e c i f y  how many blank l i n e s  should  appear
between the  p rev io u s  l i n e  o f  output and the f i r s t  l i n e  o f  th e
sequence break h ea d in g . The number o f  blank l i n e s  s p e c i f i e d  must
be in  the range 0 to  3 ,  w ith  0 a s  th e  d e fa u l t  v a lu e .  The f i r s t  
«
l i n e  o f  th e  sequence break heading must be n on -b lan k .
A l l  the  sequence break h ead in gs are p r in te d  a t  the  top  o f  
e a c h 'r e p o r t  page im m ed iate ly  a f t e r  the page h ea d in g , i f  p r e s e n t .  
They are  p r in te d  in  major to  p en u lt im ate  minor key o r d e r .  They 
may a l s o  appear low er down a rep o r t  page when a sequence break in  
an item  r e t r ie v e d  from a key  f i e l d  i s  d e t e c t e d .  A sequence break  
a t  one key  l e v e l  w i l l  cause th a t  key sequence break head in g  and 
a l s o  th o se  a t  lower l e v e l s ,  i f  any, to be o u tp u t .  I f ,  fo r  example» 
4 sequence keys are  used in  the  in p u t f i l e ,  where l e v e l  1 i s  th e  
major k ey , a sequence break a t  the  l e v e l  2 key  w i l l  cause  th e
h ead in gs  fo r  key l e v e l s  2 and 3 to be o u tp u t .  Near the bottom
o f  a r ep o rt  page sequence break head in gs are  o n ly  output i f  th er e
i s  a l s o  room;to ou tp u t a t  l e a s t  one s e t  o f  d e t a i l  l i n e s ,  o th e r w is e
i
a com plete  new page i s  tak en .
In th e  gen erate^  program the  group data d e s c r ip t io n s  fo r  th e
sequence break head in g  l i n e s  are  c a l l e d  Z-HEADm-n, where m i s  th e
sequence key l e v e l  and n i s  th e  number o f  th e  non-blank l i n e
w ith in  th a t  h ead in g , e . g . :
Z-HEAD1-1, Z-HEAD1-2, . . .  major k ey  h ead in g
Z-HEAD2-1» Z-HEAD2-2» • • •  submajor k ey  head in g
oo
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6 . 5 .5  D e t a i l  l i n e ( s )
For each r e t r i e v a l  from th e  in p u t f i l e s ,  e x c lu d in g  th o se  
r e j e c t e d  by the  s e l e c t i o n  c o n d i t io n s ,  one or more l i n e s  o f  output  
may be w r i t t e n  on th e  r e p o r t .  A d e t a i l  l i n e  may in c lu d e  t e x t  or  
any in p u t  f i e l d  or temporary i te m . I f  more than one d e t a i l  l i n e  
i s  to  be output fo r  each r e t r i e v a l ,  blank l i n e s  may be in c lu d e d .
The u ser  may s p e c i f y  how many blank l i n e s  should  appear  
between th e  p re v io u s  l i n e  o f  output and the  f i r s t  l i n e  o f  d e t a i l ,  
which must be non -b lan k . The number o f  blank l i n e s  s p e c i f i e d  
must be in  the  range 0 to  3 w ith  0 a s  the d e f a u l t  v a lu e .
The gen era ted  program data d e s c r ip t io n s  fo r  d e t a i l  l i n e s  
are? c a l l e d  Z-DETAIL-n, where n i s  th e  non-blank l i n e  number 
w ith in  the  group o f  d e t a i l  l i n e s ,  e . g .  Z-DETAIL-1 , Z-DETAIL-2 
fo r  two l i n e s  o f  ou tp u t per r e t r i e v a l .
6 . 3 .6  S u b to ta ls
S u b to ta ls  ou tp u t i s  o f f e r e d  o n ly  i f  th e  u s e r  has invoked  
th e  t o t a l l i n g  f a c i l i t y  and the  in p u t  data f i l e s  have two or  more 
sequence key f i e l d s .
'
S u b to ta ls  are  m ainta ined  fo r  a l l  t o t a l l i n g  f i e l d s  a t  a l l  
k ey  l e v e l s  excep t the  minor k e y .  I f  r e q u e s te d ,  s u b t o t a l s  a re  
ou tp u t when th ere  i s  a sequence break in  any non-minor key f i e l d .  
The s u b t o t a l s  are  output in  key  l e v e l  order from p en u lt im a te  
minor to major k e y .  A sequence break in  a key  a t  an in te r m e d ia te  
l e v e l  w i l l  cause  the  s u b t o t a l s  fo r  th a t  key and a l l  k eys  minor to
i t  to  be o u tp u t .  I f ,  fo r  exam ple, 4 sequence k ey s  are  used  in  th e
in p u t  f i l é s ,  where l e v e l  1 i s  th e  major k ey , a sequence break in  
th e  l e v e l  2 key w i l l  cause th e  s u b t o t a l  output a t  l e v e l s  3 and 2
to  be p r in t e d .  The l e v e l  3 ou tp u t w i l l  precede th a t  for l e v e l  2 .
At each sequence key  l e v e l ,  ex cep t th e  minor k e y ,  s u b t o t a l
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• ou tp u t c o n s i s t s  o f  one or more l i n e s  in c lu d in g  blank l i n e s .  The
f i r s t  l i n e  must be non-blank and any non-blank l i n e  may c o n ta in  
t e x t ,  n o n - t o t a i l i n g  i t e m s ,  e i t h e r  temporary or  from the l a s t  s e t  
o f  r e t r i e v e d  d a ta ,  and the accum ulated s u b t o t a l  o f  any t o t a l l i n g  
item  a t  tha6 sequence key  l e v e l .
At each s u b t o t a l  l e v e l ,  the u ser  may s p e c i f y  how many blank  
l i n e s  should  appear between the p rev io u s  l i n e  o f  output and the  
f i r s t  l i n e  o f  the s u b t o t a l .  The number o f  l i n e s  must be in  the  
range 0 to  3 w ith  a d e f a u l t  v a lu e  o f  z er o .
Near the bottom o f  a rep o r t  page a s u b t o t a l  fo r  any l e v e l  • 
i s  o n ly  output i f  th er e  i s  room fo r  a l l  the  l i n e s  o f  th a t  l e v e l ,
O  o th e r w ise  i t  w i l l  appear on the  n ex t page o f  th e  r e p o r t .
In the  g en era ted  program the  group data d e s c r ip t io n s  fo r  
th e  s u b t o t a l  l i n e s  are  c a l l e d  Z—SUBTOTALm—n , where m i s  the  
V sequence key l e v e l  and n i s  the  number o f  th e  non-blank l i n e  w ith in
th a t  s u b t o t a l ,  e . g . :
Z-SUBT0TAL1-1, Z-SUBT0TAL1-2, . . .  major key  s u b t o t a l  l i n e s
Z-SUBT0TAL2-1, Z-SUBT0TAL2-2, . . *  submajor key  s u b t o t a l  l i n e s
6 . 3 . 7  T o ta ls
O  T o ta ls  output i s  o f f e r e d  o n ly  i f  the u se r  has invoked th e
t o t a l l i n g  f a c i l i t y .  The t o t a l s  output i s  w r i t t e n  a t  th e  end o f  
the  rep o r t  a f t e r  th e  l a s t  d e t a i l  record  and s u b t o t a l s  r e c o r d s ,  i f  
p r e s e n t .
T o ta ls  output c o n s i s t s  o f  one or more l i n e s  and may in c lu d e  
blank l i n e s ,  but th e  f i r s t  l i n e  must be n on -b lan k . Each non-b lank  
line^ may in c lu d e  t e x t ,  n o n - t o t a l l i n g  i te m s ,  e i t h e r  temporary or  
from the  l a s t  s e t  o f  r e t r i e v e d  d a ta ,  and th e  accum ulated t o t a l s  
. o f  any t o t a l l i n g  i t e m s .
The u ser  may s p e c i f y  how many blank l i n e s  should  appear  
between th e  p re v io u s  l i n e  o f  ou tp u t and the f i r s t  t o t a l s  l i n e .
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T his  nümber must be in  th e  range 0 to  3 snd th e  d e fa u l t  v a lu e  i s  
z e r o .  I f ,  near the  bottom o f  a page, th ere  i s  not enough room 
fo r  a l l  the  t o t a l  l i n e s  a new page w i l l  be u se d .
In the  gen era ted  program the non-blank t o t a l s  l i n e  data 
d e s c r ip t io n s  are  group f i e l d s  c a l l e d  Z-TOTAL-n, where n i s  the  
number o f  the  t o t a l  l i n e  e x c lu d in g  in ter m e d ia te  blank l i n e s ,  e . g .  
Z-TOTAL-1, Z-TOTAL-2 e t c .
6 . 5 . 8  F ie ld  s p e c i f i c a t i o n
In order to d es ig n  th e  la y o u t  o f  any c a te g o r y  o f  r e p o r t  l i n e  
th e  u ser  i s  in v i t e d  to s e l e c t ,  from a g iven  l i s t ,  one a lp h a b e t ic  
c h a r a c ter  fo r  each f i e l d  to  be in c lu d ed  in  the  r e p o r t .  A g lo s s a r y  
mapping data f i e l d  names to  a lp h a b e t ic  la b e l  c h a r a c te r s  i s  thus  
c r e a t e d .  When s p e c i f y i n g  the  format o f  a r ep o rt  l i n e  th e  p r in t  
p o s i t i o n s  to be o ccu p ied  by a f i e l d  are  in d ic a t e d  by ty p in g  i t s  
l a b e l  ch a r a c ter  in  the  d e s ir e d  p o s i t i o n s  ( c . f .  F i l e t a b ) .  Blank 
c h a r a c te r s  b e fo re  and between f i e l d s  are in d ic a t e d  by ty p in g
c h a r a c t e r s .  Blank c h a r a c te r s  a t  the r ig h t -h a n d  end o f  a l i n e
■■...
needed not be typ ed .
Up to  n in e te e n  f i e l d s  may be in c lu d ed  in  a r ep o r t  and t h e i r  
l a b e l  c h a r a c ter s  may be s e l e c t e d  from the f o l lo w in g :
A E F; G H I  J K L N 0 Q T U V W X Y Z 
The rem aining charac|;ers o f  the a lp h ab et  are  re se rv e d  fo r  u se  by 
the  e d i t i n g ' f a c i l i t y  ( 6 .5 - 9 )  or to  in d ic a t e  where the d a t e ,  time  
and page number f i e l d s  are  to  p r i n t , ( 6 . 6 . 1 ) .  U n lik e  F i l e t a b ,  
s p e c i a l  ty p es  o f  f i e l d  ( e . g .  k ey ,  t r a n s f e r ,  t o t a l l i n g )  a r e  not  
denoted by s p e c i a l  groups o f  c h a r a c t e r s .  In s tea d  th e  u s e r  i s  f r e e  
to  s e l e c t  a l a b e l  c h a r a c ter  which may a ls o  s e r v e  a s  a mnemonic fo r  
a f i e l d  name, e . g .  N fo r  NAME, A fo r  ADDRESS.
The double q u o ta t io n  mark c h a ra cter  (" ) i s  used  to  d e l im i t
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th e  t e x t  l i t e r a l »  I t  was chosen in  order to  a v o id  c o n fu s io n  w ith
1
the s i n g l e  q u o ta t io n  mark ch a ra c ter  (* )  which i s  used a s  a l i t e r a l  
d e l im i t e r  by the macro processor»
I f  more p r in t  p o s i t i o n s  are  a l lo c a t e d  to  an alphanum eric  
f i e l d  than the f i e l d  a c t u a l l y  c o n ta in s  the data i s  l e f t  j u s t i f i e d  
i n  the  s p e c i f i e d  p o s i t i o n s  and>unused p o s i t i o n s  are  f i l l e d  w ith  
b la n k s .  I f  too few p r in t  p o s i t i o n s  are  a l l o c a t e d  to an 
alphanum eric f i e l d  then the  c h a r a c te r s  a t  th e  r ig h t-h a n d  end are  
tr u n c a te d .
U n le ss  the  e d i t i n g  fe a tu r e  ( 6 , 5 . 9 )  i s  in  u s e ,  the decim al  
p o in t  in  the output format o f  a numeric item  i s  assumed to  be 
a f t e r  the r ig h t -m o s t  d i g i t .  Leading zero s  are  rep la ce d  by b lan ks  
up to but not in c lu d in g  the  zero b e fo re  the im p lied  dec im al p o in t .  
The decim al p o in t  l o c a t i o n  in  the  f i e l d  to be output i s  a l ig n e d  
■ w ith  th a t  im p lied  in  th e  output form at. I f  more p r in t  p o s i t i o n s  
are a l l o c a t e d  than the f i e l d  r e q u ir e s ,  the unused p o s i t i o n s  are  
f i l l e d  w ith  b la n k s .  I f  too few p r in t  p o s i t io n s  are  a l l o c a t e d  the  
h igh  order  d i g i t s  w i l l  be tr u n ca ted .
The names o f  the data f i e l d s  are  d isp la y e d  on the u s e r ' s  
term in a l one a t  a t im e .  As each f i e l d  name i s  d is p la y e d  th e  
u ser  i n d i c a t e s  th a t  i t  appears in  the  rep ort  by ty p in g  th e  
c h a r a c ter  he has chosen a s  i t s  l a b e l .  The d e f a u l t  r e p ly ,  made by 
p r e s s in g  o n ly  the 'Accept* k ey , i n d i c a t e s  th a t  the c u r r e n t ly  
d isp la y e d  f i e l d  does not appear in  the  r e p o r t .
The date  and time from the a d d i t io n a l  data item s  ( 6 , 6 . 1 )  
each occupy 8 c h a r a c te r s  and the  u ser  must i n d i c a t e  t h e i r  p r in t  
p o s i t i o n s  by ty p in g  the ch a r a c ter  s t r i n g s  DD/MM/YY and HH/MM/SS 
r e s p e c t i v e l y .  The page number, a l s o  an a d d i t io n a l  data i t e m ,  
o c c u p ie s  four c h a r a c te r s  and the  s t r i n g  PPPP i s  used in  th e  
req u ired  p r in t  p o s i t i o n s .  Leading zer o s  in  th e  page count w i l l  be 
su p p ressed  when th e  v a lu e  i s  p r in t e d .
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In order to d i s t i n g u i s h  t e x t  from f i e l d  l a b e l  c h a r a c te r s  
in  8 l i n e  format s p e c i f i c a t i o n  the t e x t  i s  e n c lo se d  in  q u o ta t io n  
marks. The q u o ta t io n  marks are rep la ced  by blank c h a r a c te r s  when 
th e  l i n e  i s  p r in t e d .
Although not im p lem en tsted , i t  would be a p p ro p r ia te  and 
d e s ir a b le  to provide  the  u ser  w ith  the f a c i l i t y  which e n a b le s  him 
to  in s p e c t  h i s  g lo s s a r y  o f  l a b e l s .  In resp on se  to  one or more 
l a b e l  c h a r a c ter s  he could  be g iv en  the name o f  the data a s s ig n e d  
to  th a t  c h a r a c te r .  D e t a i l s  o f  the  l a b e l  c h a r a c te r ,  f i e l d  name and 
f i e l d  type (alphanum eric or numeric) a r e ,  however, w r i t t e n  to  the  
LABELTABLE s u b f i l e  ( 7 .1 5 ) #  This s u b f i l e  i s  used during the  
v a l id a t io n  o f  the l i n e  format s p e c i f i c a t i o n s  fo r  the v a r io u s  
c a t e g o r i e s  o f  r ep o rt  r ec o r d .
The model problem d ia lo g u e  fo r  Stage 8 (Appendix IX S e c t io n  
8) c o n ta in s  examples o f  the  ass ign m ent o f  l a b e l  c h a r a c t e r s .
6 . 5.9  E d it in g
The e d i t i n g  f a c i l i t i e s  have been chosen to  p rov id e  a
b a lan ced  s e l e c t i o n  o f  th o se  a v a i la b le  in  COBOL. Because th e  f i e l d
\ I
e d i t i n g  requirem ents are  en tered  during the s p e c i f i c a t i o n  o f  p r in t  
( 2 )  l i n e  form ats , th e  e d i t  c h a r a c te r s  are  p resen t  in  the f i e l d  l a b e l
ch a r a cter  s t r i n g s  which denote the  p r in t  p o s i t i o n s  o f  th e  f i e l d .  
Each f i e l d  la b e l  ch a r a c ter  s t r i n g  has to be t r a n s la t e d  in t o  a 
COBOL data d e s c r ip t io n  w ith  the a p p ro p r ia te  PICTURE. The e d i t i n g  
f a c i l i t i e s  fo r  any f i e l d  depend on i t s  ty p e ,  i e  alphanum eric or  
num eric .
In order to h e lp  the c a su a l  u ser  understand the e d i t i n g  
f a c i l i t y  i t  i s  proposed to a l lo w  some ex p er im en ta l e d i t i n g  b e fo r e  
the  l i n e  form ats are  en tered  or the generated  program i s  run w ith  
r e a l  date ( 6 . 5 . 1 0 ) .  By means o f  the  'h e lp '  f a c i l i t y  th e  u s e r  may 
a l s o  'break out* o f  d e s ig n in g  the  rep o rt  to  do some more e d i t i n g
oo
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experim en ts  (6 .2 * 3 )#
Alphanumeric f i e l d  e d i t i n g :
Two i n s e r t i o n  c h a r a c te r s  are  a v a i la b le  fo r  use w ith  
alphanum eric f i e l d s ,  they, are the. c h a r a c te r s  B and 0 .
I n s e r t io n  c h a r a c te r s  may be in s e r t e d  anywhere in  th e  s t r i n g  
o f  l a b e l  c h a r a c te r s  d e f in in g  th e  p r in t  p o s i t i o n s  o f  an alphanumeric  
f i e l d .  The 0 c h a ra cter  w i l l  p r in t  a s  a zero in  th e  ou tp u t l i n e ,  
but th e  B ch a ra cter  w i l l  be r e p la ce d  by a blank ch aracter#
Numeric f i e l d  e d i t in g :
The fo l lo w in g  c h a r a c te r s  are  used to  s p e c i f y  e d i t i n g  
req u irem en ts  o f  numeric f i e l d s :
£  * + -  , . CR DB B 0
The fu n c t io n  o f  each o f  the above symbols and th e  p erm itted  
com bin ations are s e t  out below#
£  and ^  are  currency  symbols which, i f  u se d ,  must appear  
once o n ly  a t  the b e g in n in g  o f  the  f i e l d  format s p e c i f i c a t i o n .
The s e l e c t e d  currency symbol w i l l  p r in t  in  f r o n t  o f  th e  most 
s i g n i f i c a n t  d i g i t  o f  the e d i te d  r e s u l t .  A cu rren cy  symbol may 
be preceded o n ly  by a + or -  c h a r a c te r .
* i s  the  cheque p r o te c t io n  symbol. I f  u se d ,  t h i s  c h a r a c te r  
must appear a t  th e  b eg in n in g  o f  a f i e l d  format s p é c i f i c a t i o n .  I t  
w i l l  cause th e  unused h igh  order  p r in t  p o s i t i o n s  o f  the  e d i t e d  
r e s u l t  to  be f i l l e d  w ith  * c h a r a c t e r s .  Only th e  + or -  c h a r a te r s  
may precede i t .
+ and -  s i g n s .  A + or -  s ig n  may appear a s  th e  f i r s t  
ch a r a c ter  o f  a f i e l d  format s p e c i f i c a t i o n .  I f  the s ig n  o f  th e  
data b e in g  e d i te d  i s  the same a s  the  s ig n  c h a r a c te r  then th e  s ig n  
c h a r a c ter  w i l l  p r i n t .  I f  th e  data has the o p p o s i t e  s ig n  to  th a t  
in  th e  e d i t  format then a + s ig n  w i l l  be r e p la c e d  by a -  and
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8 -  w i l l  be r e p la ce d  by a blank in  the  e d i te d  r e s u l t .  The s ig n  
c h a r a c t e r ,  i f  p r in t e d ,  w i l l  appear to the l e f t  o f  the  most
s i g n i f i c a n t  I  d i g i t  o f  the  item  p r o v id in g  th a t  a currency or cheque
' Ip r o te c t  symbol has nqt been u sed . I f  the currency  or cheque
p r o te c t  symbols have been s p e c i f i e d  the s ig n  w i l l  remain in  the
f i r s t  p o s i t i o n  o f  th e  f i e l d .
CR and DB are  rep o r t  s i g n s .  E ith er  CR or  DB may appear in
th e  two r ig h t -m o s t  p o s i t i o n s  o f  the f i e l d  form at. I f  the data
b e in g  e d i te d  i s  n e g a t iv e  then the rep o rt  s ig n  c h a r a c te r s  w i l l
p r in t  in  the s p e c i f i e d  p o s i t i o n s .  I f  the  data i s  p o s i t i v e  then
the two p r in t  p o s i t i o n s  occu p ied  by the r ep o r t  s ig n s  w i l l  be s e t  to
b la n k s .
B O ,  and • are  i n s e r t i o n  c h a r a c ter s  w hich, w ith  the  
e x c e p t io n  o f  the  B c h a r a c te r ,  w i l l  p r in t  in  the d e s ig n a te d  
p o s i t i o n s  o f  the e d i t e d  f i e l d .  The B c h a ra cter  w i l l  be r e p la c e d  
by a b la n k . The decim al p o in t  may not appear in  the r ig h t -m o s t  
p r in t  p o s i t i o n  o f  a n , e d i t e d ^ f i e l d  and must be preceded by a t  l e a s t  
one l a b e l  c h a r a c te r .  The im p lied  decim al p o in t  in  the data i s  
a l ig n e d  w ith  the  decim al p o in t  in  the p r in t  e d i t  form at. I f  
i n s u f f i c i e n t  p r in t  p o s i t i o n s  have been a l l o c a t e d  on e i t h e r  s id e  
o f  the  decim al p o in t  tr u n c a t io n  w i l l  occur a t  the  both ends o f  
the e d i t e d  r e s u l t .  I f  more p r in t  p o s i t i o n s  to  the  r ig h t  o f  the  
decim al p o in t  have been a l l o c a t e d  than are r e q u ir e d ,  th ey  w i l l  be 
f i l l e d  w ith  z e r o s .  I n s e r t io n  c h a r a c te r s  to  th e  l e f t  o f  th e  h igh  
order d i g i t  are rep la ce d  by b la n k s .
.
6 . 5 .1 0  Experim ental e d i t i n g
Although the t e x t  e x p la in in g  the f i e l d  e d i t i n g  f a c i l i t i e s  to  
the  u ser  c o n ta in s  exam ples, the  e d i t i n g  r u le s  are  d i f f i c u l t  to
; grasp a t  th e  f i r s t  a t tem p t .  To a l l e v i a t e  t h i s  d i f f i c u l t y  i t  i s
'
proposed to  o f f e r  the  u se r  the  o p p o rtu n ity  to  experim ent w ith  the
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e d i t i n g  f a c i l i t i e s  b e fo re  he d e s ig n s  h i s  r ep o rt  form at. The user  
i s  i n v i t e d  to type a f i e l d  output form at, e i t h e r  alphanumeric or 
num eric, u s in g  a v a l i d  la b e l  c h a ra c ter  and e d i t  sym bols. T his  i s  
v a l id a t e d  and, i f  found a c c e p t a b le ,  the u ser  i s  i n v i t e d  to  e n te r  a 
va lu e  to  be e d i t e d .  The e d i te d  r e s u l t  i s  then d isp la y e d  on the  
u s e r ' s  term in a l ( 5 * 6 ) .  This p r o c ess  may be rep ea ted  u n t i l  the  
u ser  i s  s a t i s f i e d  th a t  he can d es ig n  the f i e l d  e d i t i n g  form ats  
which w i l l  g iv e  the  output he r e q u ir e s .
F igure  6 .6  i l l u s t r a t e s  the use  o f  the e d i t i n g  symbols and 
shows t h e i r  r e l a t i o n  to  the  COBOL e d i t  PICTURE which would appear  
in  th e  generated  program.
Figure  6 .6  E d it in g  examples
O
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6 . 3 . 1 1  Sample  p a g e  v i e w i n g
B e c a u s e  t h e  fo rm a t ' s  f o r  t h e  v a r i o u s  c a t e g o r i e s  o f  o u t p u t  a r e  
e n t e r e d  d u r i n g  t h e  c o u r s e  o f  a d i a l o g u e  i t  i s  n o t  e a s y  to  g e t  an  
o v e r a l l  i m p r e s s i o n  o f  t h e  r e p o r t  p a g e .  E s p e c i a l l y  a s  t h e  f o r m a t s  
f o r  t h e  v a r i o u s  c a t e g o r i e s  o f  o u t p u t  a r e  n o t  e n t e r e d  i n  t h e  same 
o r d e r  t h a t  t h e y  would  a p p e a r  i n  t h e  r e p o r t ,  e . g .  d e t a i l  l i n e s  a r e  
s p e c i f i e d  b e f o r e  t h e  p a g e  h e a d i n g .
I t  i s  t h e r e f o r e  p r o p o s e d  t o  o f f e r  t h e  u s e r  t h e  c h a n c e  t o  s e e  
a s a m p le  o f  t h e  r e p o r t  page  l a y o u t  b e f o r e  t h e  g e n e r a t e d  p r o g r a m  
e x e c u t e s  on r e a l  d a t a .  The u s e r  may t h e n  r e s p e c i f y  t h e  f o r m a t  f o r  
a n y  c a t e g o r y  o f  o u t p u t  w h ich  i s  n o t  t o  h i s  l i k i n g  a n d  v ie w  a g a i n  
t h e  s a m p le  r e p o r t .  .
The o u p u t  s a m p le  w i l l  c o n s i s t  o f  a t i t l e  p a g e ,  i f  p r e s e n t ,  
an d  a r e p o r t  page  c o n t a i n i n g  one exam ple  o f  e a c h  o f  t h e  o u t p u t  
c a t e g o r i e s  r e q u e s t e d  by  t h e  u s e r  e x c e p t  t h e  d e t a i l  c a t e g o r y .  T h i s  
l a t t e r  c a t e g o r y  w i l l  be  r e p e a t e d  s e v e r a l  t i m e s  t o  g i v e  t h e  
i m p r e s s i o n  o f  a f u l l  p a g e .  The o u t p u t  c a t e g o r i e s  a p p e a r  i n  t h e i r  
n a t u r a l  o r d e r ,  i . e .  p a g e  h e a d i n g ,  s e q u e n c e  b r e a k  h e a d i n g s ,  d e t a i l s ,  
s u b t o t a l s  and  t o t a l s .  The p a g e  l a y o u t  d i s p l a y  w i l l  e n a b l e  t h e  u s e r  
t o  c h e c k  t h e  v e r t i c a l  a l i g n m e n t  o f  h e a d i n g ,  d e t a i l ,  s u b t o t a l  a n d  
( 2 )  t o t a l  d a t a .
The l i n e s  i n  e a c h  c a t e g o r y  w i l l  be  s p a c e d  a c c o r d i n g  t o  t h e  
u s e r ’ s  r e q u i r e m e n t s  a n d  c o n s i s t  o f  t h e  l i n e  f o r m a t  s p e c i f i c a t i o n s  
a s  e n t e r e d  by  t h e  u s e r  w i t h  two m o d i f i c a t i o n s .  A l l  v i s i b l e  s p a c e  
c h a r a c t e r s  (/O and  a l l  t e x t  l i t e r a l  d e l i m i t e r s  ('*) w i l l  be  r e p l a c e d  
b y  b l a n k s .
An example  o f  t h e  page  l a y o u t  d i s p l a y  i s  i n c l u d e d  i n  t h e  
m ode l  p ro b le m  d i a l o g u e  f o r  S t a g e  1? (A p p e n d ix  IX S e c t i o n  1 7 ) .
oo
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6 .6  DATA MANIPULATION FACILITIES
In t h i s  s e c t i o n  the e d d i t i o n s l  p r o c e s s in g  f e a t u r e s  provided  
by the system  fo r  the  m an ip u la tion  o f  data a re  d e scr ib e d  and t h e i r  
means o f  p r o v is io n  are  o u l in e d .
These f e a t u r e s  in c lu d e  the p r o v is io n  o f  a d d i t io n a l  data  
i tem s by the system , the  c r e a t io n  o f  temporary i tem s  by the  u s e r ,  
the  autom atic  t o t a l l i n g  o f  u ser  s e l e c t e d  numeric data i te m s  and 
th e  p r o v is io n  o f  own code s ta te m e n ts  fo r  m an ip u la tin g  data i t e m s .  
The f a c i l i t i e s  fo r  ex ten d in g  the own code s ta te m e n ts  to  a c c e s s  
t o t a l s  and s u b t o t a l s  are  d e s c r ib e d . The s e c t i o n  con c lu d es  by 
d e s c r ib in g  the c o n d it io n  s p e c i f i c a t i o n  f a c i l i t i e s  which perm it  
the  s e l e c t i o n  o f  r e p o r t  data an d /or  the c o n d i t io n a l  e x e c u t io n  o f  
own code p r o c e s s in g .
6 .6 .1  A d d it io n a l  data item s
In a d d it io n  to  the  data item s from the u s e r ' s  data base  
domains th ree  o th e r s  are  a v a i la b le  fo r  in c lu s io n  in  h i s  p r in te d  
r e p o r t .  They are  the date  and time a t  which the  gen era ted  COBOL 
program b e g in s  to e x ecu te  and th e  count o f  pages in  the r e p o r t .
The u ser  i s  in trod u ced  to  th e s e  item s in  S tage 11 o f  the  system  
( 7 . 19) and t h e i r  f i e l d  s p e c i f i c a t i o n  s t r i n g s  are  d e sc r ib e d  in  
paragraph 6 . 3 . 8 .
The COBOL program o b ta in s  the  date  and tim e from th e
I
o p e r a t in g  system  e x e c u t iv e  by means o f  ACCEPT s ta te m e n ts  in  the
i
i n i t i a l i s a t i o n  s e c t i o n  o f  the  Procedure d i v i s i o n .  The ACCEPT 
s ta te m e n ts  r e f e r  to data item s in  the SPECIAL-NAMES paragraph  
o f  the  CONFIGURATION s e c t i o n .  In the WORKING-STORAGE s e c t i o n  th e  
date  and time are s to r e d  in  item s ZDATE and ZTIME which a r e  part  
o f  the Z-TUPLE group. The g en era ted  COBOL program t h e r e f o r e  
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ACCEPT ZDATE IN Z-TUPLE FROM Z-DATE. 
ACCEPT ZTIME IN Z-TUPLE FROM Z-TIME.
II
I
The page count i s  s to r e d  in  th e  Z-PAGE-COUNT data item  which 
i s  a l s o  p art o f  th e  Z-TUPLE group. This v a r ia b le  i s  updated  ^
during the  e x e c u t io n  o f  the  s ta te m e n ts  g en era ted  to  c o n t r o l  
th e  ta k in g  o f  a new page (Appendix V III S e c t io n  2 3 ) .
6 . 6 . 2  Temporary data item s
The system  in c lu d e s  p r o v is io n  fo r  the u ser  to  c r e a te  
temporary data i t e m s .  These e x i s t  o n ly  in  th e  WORKING-STORAGE 
s e c t io n  o f  the gen era ted  COBOL program, but may be in c lu d e d  in  the  
p r in te d  r e p o r t .  Their  c o n te n ts  may be m anipulated u s in g  th e  own 
code f a c i l i t y  ( 6 . 6 . 4 )  and th ey  f a l l  in t o  th re e  ty p es  -  n u m eric ,  
alphanumeric and group. This f a c i l i t y  i s  o f f e r e d  in  S tage  5 o f  
th e  system  ( 7 .1 2 )  end th e  model problem d ia lo g u e  (Appendix IX 
S e c t io n  17) c o n ta in s  an example o f  i t s  u s e .
Numeric item s;
The system  e x p la in s  to  the  u ser  how temporary numeric ite m s  
may be needed to s t o r e  r e s u l t s  and in te r m e d ia te  r e s u l t s  a r i s i n g
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from the  own code f a c i l i t y ,  e . g .  a q u o tien t  or a rem ainder. In 
a d ia lo g u e  w ith  the u ser  the system  ask s  fo r  a d e s c r ip t io n  o f  each  
temporary numeric item  by prompting him to e n te r  d e t a i l s  o f  the  
item  name, s i z e ,  decim al p o in t  lo c a t io n  and, i f  d e s ir e d ,  th e  
i n i t i a l  v a lu e .  By d e f a u l t  the i n i t i a l  va lue  i s  s e t  to  z e r o .  In 
th e  generated  COBOL program the item  i s  a s s ig n e d  COMPUTATIONAL 
u sa g e .
I  .
The autom atic  t o t a l l i n g  f a c i l i t y  ( 6 . 6 . 3 ) i s  a l s o  a v a i l a b l e
■ '
fo r  temporary numeric i t e m s .
Alphanumeric i tem s:
The u ser  i s  i n v i t e d  to c r e a te  temporary alphanumeric item s  
which may be used w ith  th e  own code f a c i l i t y .  The system  prompts 
the u ser  to d e sc r ib e  the alphanumeric item  by a s k in g  fo r  d e t a i l s  
o f  i t s  name, s i z e  and, i f  d e s ir e d ,  the  i n i t i a l  v a lu e .  By d e f a u l t  
the  i n i t i a l  va lu e  i s  s e t  to  be blank when the item  i s  d e sc r ib e d  in  
the  WORKING-STORAGE s e c t i o n  o f  the COBOL program.
Group item s:
Group item s may be formed by c o n c a te n a t in g  data from two or  
more o th er  i t e m s ,  fo r  example, th ree  data i tem s  c o n ta in in g  
r e s p e c t i v e l y  d e t a i l s  o f  s t r e e t ,  town and p o stco d e  may be 
co n ca ten a ted  in t o  a s i n g l e  group item  c a l l e d ,  s a y ,  ADDRESS: ,
02 ADDRESS. ,
03 STREET PICTURE X (2 0 ) .
03 TOWN PICTURE X (2 0 ) .
03 POSTCODE PICTURE X (1 0 ) .
; The item s to be co n ca ten a ted  may be e i t h e r  numeric or a lp h a ­
numeric and come from any domain or temporary i te m . In th e  
d ia lo g u e  th ey  are  r e f e r r e d  to a s  compound domains. The system  
c a r r i e s  out a d ia lo g u e  w ith  the  u ser  and prompts him to e n te r  th e  
names o f  th e  item s  to  be c o n c a te n a te d .  Group i te m s  are  assumed to
oo
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be alphanumeric and t h e i r  s i z e  i s  th e  sum o f  the s i z e s  o f  the
co n ca ten a ted  f i e l d s .  When th e  u se r  has f i n i s h e d  s p e c i f y in g  the
names o f  f i e l d s  to  be c o n c a te n a te d ,  the system  p r in t s  out a
message to  t e l l  th e  u ser  the s i z e  o f  the item s  in  th e  compound
domain, i . e .  the  group ite m .
In the  g en era ted  COBOL program, the MOVE s ta te m e n ts  which
s e t  up the  group are  execu ted  a f t e r  the f i l e  r e c o r d s  have been
matched and b e fo re  any own code p r o c e s s in g .
. "' .
6.6.3 Totalling fa c i l i ty
The system  p r o v id e s  fo r  th e  autom atic  t o t a l l i n g  o f  data in  
a numeric f i e l d  o f  an in p u t f i l e  or in  a temporary numeric item  
sh ou ld  th e  u ser  so d e s i r e .  The accumulated s u b t o t a l s  and t o t a l s  
( 6 . 5 .6  and 6 . 5 *7 ) are  a v a i l a b l e  fo r  in c lu s io n  in  the  ou tp u t  
r ep o r t  and may be used in  own code p r o c e s s in g  (6 .6 .4 ) .
I f  t o t a l l i n g  i s  req u ested  by the  u s e r ,  th e  system  g e n e r a te s  
th e  data d e s c r ip t io n  s ta te m e n ts  in  the WORKING-STORAGE s e c t i o n  
ready fo r  the  t o t a l s  to  be s t o r e d .  C ontrol t o t a l s  are  g e n era ted  
fo r  each req u ested  item  a t  each sequence key c o n t r o l  l e v e l  ex ce p t  
the  minor k ey . A c o n t r o l  t o t a l  i s  a l s o  gen era ted  fo r  th e  f i n a l  
t o t a l s  o f  the  run. When, fo r  example, the in p u t  f i l e ( s )  have  
th r e e  sequence k eys  and autom atic  t o t a l l i n g  i s  req u ired  fo r  
numeric item s COST and QUANTITY, th e  f o l lo w in g  s ta te m e n ts  would be 
g en era ted :
01 ' Z-CONTROL-TOTALS.
102 Z-LEVÊL-2. _ , .
03 COST PICTURE . . .  Submajor key
I  03 QUANTITY PICTURE . . .  s u b t o t a l s
102 Z-LEVEL-1. „
03 COST PICTURE . . .
03 QUANTITY PICTURE . . .
02 Z-LEVEL-0.
03 COST PICTURE . . .
03 QUANTITY PICTURE . . .
s u b t o t a l s
F in a l  
t o t a l s
oo
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A l l  th e  item s  are  g iv en  an i n i t i a l  v a lu e  o f  zero and are  
d e sc r ib e d  a s  COMPUTATIONAL. The PICTURE d e s c r ip t io n  w i l l  depend 
on th e  lo c a t io n  o f  th e  decim al p o in t  in  the  f i e l d ,  but w i l l  
a lw ays  be s ig n ed  and have th e  maximum s i z e  o f  I 8 d i g i t s .
The use  o f  th e  same data names a t  each c o n tr o l  l e v e l  
e n a b le s  th e  system  to  make use  o f  the  ADD CORRESPONDING sta tem en t  
i n  th e  Procedure d i v i s i o n  fo r  th e  accum ulation  o f  t o t a l s ,  e . g . :
Z-PARA-ADD.
ADD CORRESPONDING Z-TUPLE TO Z-LEVEL-2.
The ADD sta tem en t  i s  execu ted  a f t e r  any own code p r o c e s s in g  
‘ a s s o c ia t e d  w ith  th e  data r e t r i e v a l  and p r io r  to  th e  s e t t i n g  up o f  
a d e t a i l  l i n e  fo r  the  r e p o r t .
The ADD CORRESPONDING sta tem en t i s  a l s o  used to add th e  
t o t a l s  o f  one l e v e l  to  th e  t o t a l s  o f  the n ex t  l e v e l  when a 
sequence change in  a key  f i e l d  i s  d e te c te d .  The SUBTRACT 
CORRESPONDING s ta tem en t i s  then used to  r e i n i t i a l i s e  the  c o n t r o l  
t o t a l s  a t  th a t  l e v e l ,  e . g . :
ADD CORRESPONDING Z-LEVEL-2 TO Z-LEVEL-1.
SUBTRACT CORRESPONDING Z-LEVEL-2 FROM Z-LEVEL 2 .
The t o t a l l i n g  f a c i l i t y  i s  o f f e r e d  to  th e  u ser  in  S ta g e s  4 
and 5 o f  th e  system  (7*11 and 7 * 1 2 ) .  The model problem d ia lo g u e  
fo r  th e s e  s t a g e s  c o n ta in s  examples o f  t h i s  f a c i l i t y  (Appendix IX 
S e c t io n s  4 and 5 ) .
6 . 6 . 4  Own code p r o c e s s in g
Own code p r o c e s s in g  i s  o p t io n a l  and supplem ents the  b a s ic  
data movement and t o t a l l i n g  f e a t u r e s  provided a u t o m a t ic a l ly  in  
th e  gen era ted  program.
Own code p r o c e s s in g  a l lo w s  the  u ser  to  s p e c i f y  h i s  own 
c a l c u l a t i o n s  and /or  data movements fo r  i n s e r t i o n  a t  the  f o l l o w i n g  
p o in t s  in  the  gen era ted  program:
1 .  A fte r  th e  f i l e s  have been opened but b e fo r e  any data i s
• ■'57
rea d .
2 .  Im m ediately a f t e r  a data r e t r i e v a l ,  i . e .  a f t e r  a s e t  o f  
matched reco rd s  from th e  in p u t data f i l e s  have been r ea d .
3* Im m ediately a f t e r  a sequence break in  any s p e c i f i e d  k ey ,  
ex cep t  th e  minor k e y ,  i s  d e t e c t e d .
4 .  P r io r  to  p r in t in g  any ca te g o ry  o f  ou tp u t l i n e s  p r e se n t  
i n  th e  program, i * e .  t i t l e ,  page h ead in g , sequence break h ea d in g ,  
d e t a i l ,  s u b t o t a l  or t o t a l  l i n e s .
F iv e  s ta te m e n ts  are provided  whereby th e  u se r  can e x p r e s s  
h i s  own p r o c e s s in g  req u irem en ts .  Four s ta te m e n ts  are  fo r  
a r i th m e t ic  purposes and one i s  fo r  data t r a n s f e r .  Each s ta tem en t  
( 2 )  perm its  one o p e r a t io n  and i s  exp ressed  in  E n g lish  or COBOL typ e
la n g u a g e . By means o f  i n s t r u c t i o n a l  t e x t ,  w ith  exam ples, th e  
system  d e s c r ib e s  th e  use  o f  the; own code s ta te m e n ts .  In a d d i t io n ,  
i f  the  u se r  has a v a i l e d  h im s e l f  o f  the t o t a l l i n g  f a c i l i t y ,  he i s  
t o ld  how to a c c e s s  th e  s u b t o t a l s  a t  any key l e v e l  or th e  f i n a l  
t o t a l s .
Any number o f  own code s ta te m e n ts  may be en tered  fo r  
i n c lu s io n  a t  the  p erm itted  p la c e s  in  the gen era ted  COBOL program. 
The u ser  i s  prompted to  e n te r  one own code s ta tem en t  a t  a t im e .  
A fte r  v a l id a t io n  each s ta tem en t i s  t r a n s la t e d  in t o  a s y n t a c t i c a l l y  
c o r r e c t  COBOL sta tem en t by th e  i n s e r t i o n  o f  data-name q u a l i f i e r s  
and p u n c tu a t io n . B efore  each own code s ta tem en t th e  u se r  may 
s p e c i f y  what c o n d i t io n s ,  i f  any, must be s a t i s f i e d  b e fo r e  i t  i s  
obeyed ( 6 . 6 . 6 ) .
A r ith m etic  s ta te m e n ts :
There i s  one s ta tem en t  fo r  each o f  th e  a r i th m e t ic  o p e r a to r s  
(a d d i t io n ,  s u b t r a c t io n ,  m u l t i p l i c a t i o n  and d i v i s i o n ) ,  and each  
c o n ta in s  an op era tor  and th ree  operands. T h e .th ir d  operand  
s p e c i f i e s  where th e  r e s u l t  o f  o p e r a t in g  on th e  f i r s t  two operands
O
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i s  to  be s t o r e d .  Each s ta tem en t i s  en tered  by th e  u ser  a s  a one 
l i n e  resp on se  and ta k es  one o f  the fo l lo w in g  forms:
ADD operand-1 , operand-2 GIVING operand-3  
SUBTRACT op eran d -1 FROM operand-2 GIVING operand-3  
MULTIPLY op eran d -1 BY operand-2 GIVING operand-3  
DIVIDE operand-1 BY operand-2 GIVING operand-3
When the  DIVIDE sta tem en t i s  u sed , th e  u se r  i s  asked i f  he 
w ish es  to  save the r e s u l t i n g  remainder and, i f  s o ,  to  s p e c i f y  the  
name o f  the  item  where i t  i s  to  be s to r e d .  T his  must be o f  numeric 
typ e  and may be a domain or temporary item .
Operand-3 may be th e  name o f  any temporary item  or th e  name 
2 ^  o f  s domain to which th e  item  b e in g  c a lc u la t e d  b e lo n g s .
Operand-1 and operand-2 may be e i t h e r  a numeric l i t e r a l ,  the  
name o f  a temporary item  or the  name o f  a domain to  which th e  item  
b e in g  c a lc u la t e d  b e lo n g s ,  e . g . :
MULTIPLY QUANTITY BY PRICE GIVING COST 
DIVIDE PENCE BY 100 GIVING POUNDS
Data t r a n s f e r  s ta  tement :
Ohe data t r a n s f e r  s ta tem en t i s  a v a i la b le  fo r  own code u se  
and i t  ta k es  the fo l l o w in g  form:
MOVE op eran d -1 TO operand-2
Operand-2 i s  th e  r e c e iv in g  item  and may be the  name o f  a 
temporary item  or th e  name o f  a domain to which th e  item  r e c e i v i n g  
th e  data b e lo n g s .
Operand-1 i s  the  sou rce  item  and may be a l i t e r a l ,  a 
temporary item  or  th e  name o f  th e  domain to  which the  item  b e in g  
moved b e lon gp . Operapd-1 must be o f  the same ty p e ,  i . e .  numeric
I
or  alphanum eric , a s  op eran d -2 .
When alphanumeric data i s  moved, the c h a r a c te r s  from th e  
sou rce  item  are  tr a n s fe r r e d  to  th e  corresp on d in g  p o s i t i o n s  o f  th e
O
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r e c e i v i n g  ite m , s t a r t i n g  w ith  the  l e f t - m o s t .  I f  th e  r e c e iv in g  
item  i s  th e  lo n g e r  item  then the  e x c e s s  c h a r a c te r s  in  th e  
r e c e i v i n g  item  are  f i l l e d  w ith  b la n k s .
When niimeric data i s  moved, th e  decim al p o in t s  in  th e  
so u rce  item  and r e c e iv in g  item  are  a l ig n e d .  I f  th ere  are  fewer  
c h a r a c te r s  b e fo r e  or  a f t e r  the im p lied  decim al p o in t  in  th e  
r e c e i v i n g  i te m , then th e  e x c e s s  c h a r a c ter s  in  th e  r e c e iv in g  item  
a re  s e t  to  z e r o .
The above r u l e s  fo r  data movement are  in  l i n e  w ith  th o se  
fo r  th e  COBOL MOVE verb w ith  the  added r e s t r i c t i o n  th a t  both  
operands must be o f  th e  same ty p e .
2 )  The f o l lo w in g  are  examples o f  own code MOVE s ta te m e n ts :
MOVE 1.65  TO UNIT-PRICE
MOVE QTY-ON-ORDER TO QTY-ON-HAND
MOVE "NOT MARRIED" TO SPOUSE-NAME
6 . 6.3  A ccess  to  s u b t o t a l s  and t o t a l s
A ccess  to  s u b t o t a l s  and t o t a l s  data by own code s ta te m e n ts  
i s  o n ly  a v a i la b le  when th e  t o t a l l i n g  f a c i l i t y  has been invoked  
by th e  u s e r .  The u ser  may have a c c e s s  to th e  s u b t o t a l s  a p p l i c a b le  
2 )  a t  any s p e c i f i c  key  sequence break (e x c ep t  the  minor key) o r  th e
f i n a l  t o t a l s  a f t e r  a l l  the  data reco rd s  have been read and 
p r o c e s s e d .
In order to  d i s t i n g u i s h  th e  s u b t o t a l  or t o t a l  o f  i te m s  from 
a g iv en  f i e l d  (domain or  temporary item ) from th e  v a lu e  o f  th e  
p r e v io u s  item  in  th a t  f i e l d ,  th e  operand name i s  p r e f ix e d  by an 
*•* ch a r a cter  in  th e  own code s ta te m e n t ,  e . g . :
DIVIDE *STOCK-VALUE BY ’ QUANTITY GIVING AVERAGE-PRICE
The use  o f  th e  ch a r a c ter  i s  not p erm itted  in  operand^)  
o f  an a r i th m e t ic  s ta tem en t  nor in  operand-2 o f  a MOVE s ta te m e n t .
oo
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The model  p r o b l e m  d i a l o g u e  f o r  S t a g e  18 c o n t a i n s  an  exam ple  
o f  t h i s  f a c i l i t y  (A p p e n d ix  IX S e c t i o n i B ) .
6 . 6 . 6  C o n d i t i o n  s p e c i f i c a t i o n
As t h e  u s e r  may o n l y  w i s h  t o  i n c l u d e  i n  t h e  p r i n t e d  r e p o r t  
d a t a  f ro m  some o f  h i s  t u p l e s ,  o r  o n l y  t o  e x e c u t e  own code  
s t a t e m e n t s  u n d e r  c e r t a i n  c o n d i t i o n s ,  i t  i s  n e c e s s a r y  t o  p r o v i d e  
h im w i t h  t h e  means  o f  s p e c i f y i n g  s u c h  c o n d i t i o n s .
C o n d i t i o n  s p e c i f i c a t i o n  i s  d e s c r i b e d  t o  t h e  u s e r  p r i o r  t o  
t h e  r e p o r t  d a t a  s e l e c t i o n  d i a l o g u e .  The u s e r  may o p t i o n a l l y  
r e m i n d  h i m s e l f  a b o u t  c o n d i t i o n  s p e c i f i c a t i o n  p r i o r  t o  t h e  e n t r y  o f  
h i s  own code p r o c e s s i n g  r e q u i r e m e n t s .
C o n d i t i o n s  may be  s i m p l e  o r  compound.  A compound c o n d i t i o n  
i s  made up  o f  s e v e r a l  s i m p l e  c o n d i t i o n s  l i n k e d  by  t h e  c o n j u n c t i o n s  
AND o r  OR. The s y s t e m  d i a l o g u e  p r o m p t s  t h e  u s e r  t o  e n t e r  e a c h  
s i m p l e  c o n d i t i o n  a s  a one l i n e  r e s p o n s e  a n d ,  i n  t h e  c a s e  o f  
compound c o n d i t i o n s ,  t o  s e l e c t  t h e  a p p r o p r i a t e  l i n k i n g  c o n j u n c t i o n .
As p a r e n t h e s e s  a r e  n o t  u s e d  t o  i n d i c a t e  t h e  h i e r a c h y  o f  e v a l u a t i o n  
i n  compound c o n d i t i o n s  ( 5 «5 ) ,  t h e  u s e r  i s  r e m i n d e d  t h a t  a f t e r  a n  
OR c o n j u n c t i o n  i t  i s  n e c e s s a r y  t o  r e p e a t  a n y  s i m p l e  c o n d i t i o n  
w h ich  s t i l l  a p p l i e s .  Each  s i m p l e  c o n d i t i o n  i s  v a l i d a t e d  a n d  
t r a n s l a t e d  i n  t o  a s y n t a c t i c a l l y  c o r r e c t  COBOL I F  s e n t e n c e  b y  t h e  
i n s e r t i o n  o f  d a t a  name q u a l i f i e r s  an d  t h e  r e p l a c e m e n t  o f  o p e r a t o r s  
by  t h e i r  COBOL e q u i v a l e n t .
Each  s i m p l e  c o n d i t i o n  c o n s i s t s  o f  t h r e e  p a r t s  -  two o p e r a n d s  
s e p a r a t e d  by  a n  o p e r a t o r :  
o p e r a n d -1  o p e r a t o r  o p e r a n d - 2
O p e r a n d - 1 i s  t h e  name o f  a t e m p o r a r y  i t e m  o r  t h e  name o f  t h e  
domain  ( f i e l d )  t o  w h ich  t h e  i t e m  b e i n g  t e s t e d  b e l o n g s .
O p e r a n d - 2  s p e c i f i e s  w i t h  w ha t  t h e  f i r s t  o p e r a n d  m u s t  b e  






t h e  name o f  t h e  domain  to  which  t h e  compared  i t e m  b e l o n g s .  The 
t e x t  o f  an  a l p h a n u m e r i c  l i t e r a l  m u s t  be d e l i m i t e d  by q u o t a t i o n
m a rk s  ( " ) .
The f o l l o w i n g  f o u r - c h a r a c t e r  o p e r a t o r s  a r e  a v a i l a b l e :
.EQ. ( e q u a l  t o )
.LT .  ( l e s s  t h a n )
,L E .  ( l e s s  t h a n  o r  e q u a l  t o )
,GT, ( g r e a t e r  t h a n )
•GE. ( g r e a t e r  t h a n  o r  e q u a l  t o )
.NE. ( n o t  e q u a l )
Any o f  t h e  a b o v e  o p e r a t o r s  may b e  n e g a t e d  by  i n c l u d i n g  t h e  word
NOT i m m e d i a t e l y  a f t e r  t h e  f i r s t  f u l l  s t o p ,  e . g .  .NOT GT. The
COBOL e q u i v a l e n t s  o f  t h e  above  o p e r a t o r s  a r e  shown be lo w :
R e l a t i o n a l  o p e r a t o r COBOL e q u i v a l e n t
. EQ. EQUAL TO
.LT  ^ LESS THAN
.LE. NOT GREATER THAN
.GT. GREATER THAN
.GE. NOT LESS THAN
.NE. NOT EQUAL TO
.NOT EQ. NOT EQUAL TO
.NOT LT. NOT LESS THAN
.NOT LE. GREATER THAN
.NOT GT. NOT GREATER THAN
.NOT GE. LESS THAN
.NOT NE. EQUAL TO
O p e ra n d -1  an d  o p e r a n d - 2  m u s t  _-be o f  t h e  same t y p e ,  e i t h e r  
b o t h  n u m e r i c  o r  b o t h  a l p h a n u m e r i c .  T h i s  i s  more  r e s t r i c t i v e  t h a n  
COBOL w h ich  p e r m i t s  n u m e r i c  DISPLAY f i e l d s  t o  be  com pared  w i t h  
a l p h a n u m e r i c  f i e l d s .  The r e s t r i c t i o n  i s  im p o s e d  b e c a u s e  n u m e r i c  
DISPLAY f i e l d s  i n  t h e  d a t a  f i l e  r e c o r d s  a r e  h e l d  a s  COMPUTATIONAL 
i t e m s  i n  t h e  Z-TUPLE g ro u p  o f  t h e  WORKING-STORAGE s e c t i o n  o f  t h e  
g e n e r a t e d  p r o g r a m ,  and  so o c c u p y  a d i f f e r e n t  am oun t  o f  s t o r a g e  
s p a c e  f rom t h e  o r i g i n a l  f i e l d .
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S t a g e  7 o f  t h e  model  p r o b le m  d i a l o g u e  c o n t a i n s  an exam ple  
o f  c o n d i t i o n  s p e c i f i c a t i o n  ( A p p e n d ix  IX S e c t i o n  ? ) •
6 . 7  SUMMARY AND APPRAISAL
The f a c i l i t i e s  o f  t h e  COBOL r e p o r t  p ro g ra m  g e n e r a t i n g  s y s t e m  
a s  p r o p o s e d  i n  t h e  p r e c e d i n g  s e c t i o n s  o f  t h i s  c h a p t e r  p r o v i d e  a 
b a s i c  b u t  c o m p l e t e  t o o l ,  w h ich  a l l o w s  t h e  u s e r  c o n s i d e r a b l e  
f l e x i b i l i t y  i n  s e l e c t i n g  and  p r e s e n t i n g  r e p o r t  d a t a .  The 
r e l a t i o n a l  v ie w  o f  t h e  d a t a  and  t h e  c o m p u te r  d o m i n a t e d  d i a l o g u e ,  
w i t h  i t s  i n s t r u c t i o n a l  t e x t  and  ' h e l p *  f a c i l i t y ,  e n a b l e  t h e  c a s u a l  
u s e r  t o  s p e c i f y  h i s  r e p o r t  r e q u i r e m e n t s  w i t h o u t  n e e d i n g  t o  
u n d e r s t a n d  t h e  p h y s i c a l  o r g a n i s a t i o n  o f  t h e  d a t a  u s e d .
The c a t a l o g u e ,  c o n t a i n i n g  t h e  d a t a  b a s e  f i l e  d e s c r i p t i o n s  
a n d  m a i n t a i n e d  by  t h e  d a t a  b a s e  a d m i n i s t r a t o r ,  e n a b l e s  a c c e s s  to  
s e n s i t i v e  d a t a  t o  be  c o n t r o l l e d .  I t  a l s o  p e r m i t s  d i f f e r e n t  u s e r s  
t o  h a v e  d i f f e r e n t  v i e w s  o f  t h e  d a t a  a p p r o p r i a t e  t o  t h e  p r o b le m  t h e  
t h e y  w i s h  t o  s o l v e .  The ' f l a t '  f i l e s  d e s c r i b e d  i n  t h e  c a t a l o g u e  
n e e d  n o t  h a v e  b e e n  c r e a t e d  e x c l u s i v e l y  f o r  t h e  s y s t e m ,  b u t  m us t  
s a t i s f y  c e r t a i n  c r i t e r i a  w i t h  r e g a r d  t o  t h e i r  o r g a n i s a t i o n  an d  
c o n t e n t s .  T h e re  i s ,  h o w e v e r ,  p r o v i s i o n  i n  t h e  d e s i g n  o f  t h e  
( 2 )  c a t a l o g u e  f o r  t h e  f u t u r e  r e l a x a t i o n  o f  t h e s e  c r i t e r i a  t o  e n a b l e
a w i d e r  r a n g e  o f  f i l e  t y p e s  t o  be  a c c e p t a b l e .
ï h e  s y s t e m  d e s i g n  i s  i n f l u e n c e d  by  t h e  s t r u c t u r e  an d  
f a c i l i t i e s  o f  t h e  PG/2 macro  p r o c e s s o r ,  b u t  makes  good u t i l i s a t i o n  
o f  t h e  h o s t  c o m p u t e r ' s  r e s o u r c e s  b y  r e l e g a t i n g  n o n - d i a l o g u e  p a r t s  
o f  t h e  s y s t e m  t o  b a c k g r o u n d  b a t c h  mode.
By t h e  p r o v i s i o n  o f  new m a c r o s  a number o f  e x t e n s i o n s  t o  t h e  
COBOL r e p o r t  g e n e r a t i n g  s y s t e m  a r e  p o s s i b l e .  T h es e  wou ld  b o t h  
make t h e  p r e s e n t  s y s t e m  e a s i e r  t o  u s e  f o r  t h e  c a s u a l  u s e r  a n d  
p r o v i d e  new f a c i l i t i e s .  The l a t t e r  c o u l d  i n c l u d e  t h e  p r o v i s i o n  o f
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model data s u b f i l e s  to  enable  the  u ser  to check the  sem a n tic s  o f  
h i s  own code p r o c e s s in g  and provide  a more r e a l i s t i c  sample page 
v iew in g  f a c i l i t y .  The model data s u b f i l e s  would be provided  by 
th e  data base a d m in is tr a to r  through an extended c a ta lo g u e  
p r o c e s s o r .
There i s  a l s o  p o t e n t i a l  fo r  ex ten d in g  the COBOL g e n e r a t in g  
system  to  cover  o th e r  in fo rm a tio n  p r o c e s s in g  problems to  in c lu d e ,  
fo r  example, f i l e  u p d a tin g .
With the in c r e a s e  in  the  number o f  computers in  u s e ,  
e s p e c i a l l y  micro com puters, more non-computer s p e c i a l i s t s  w i l l  be 
c a l l e d  upon to  use  them. Research in to  th e  development o f  
so ftw a r e  fo r  the  g e n e ra t io n  o f  programs can c o n tr ib u te  towards  




IMPLEMENTATION OF SELECTED FEATURES
7 .1  INTRODUCTION
The purpose o f  th e  p r a c t i c a l  work was t h r e e f o ld :
1 . To v a l i d a t e  a s p e c t s  o f  th e  id e a s  p resen ted  in  C hapters 5
and 6 fo r  a d ia lo g u e  based COBOL r ep o rt  program g e n e r a to r .
2 .  To exp lore  th e  problems w ith  d ia lo g u e  c r e a t io n  and 
program g e n e ra t io n  u s in g  the  PG/2 macro p r o c e s s o r .
3 .  To e s t a b l i s h  th e  v a l i d i t y  o f  the COBOL programs
gen era ted  by such a sy stem .
The volume o f  cod in g  and programming e f f o r t  r eq u ired  fo r  th e
com plete  development o f  th e  COBOL g e n e ra t in g  system  i s  la r g e :  
probably  o f  th e  same order a s  th a t  req u ired  fo r  the developm ent o f  
a c o m p iler .  I t  was not th e r e fo r e  p o s s ib le  to  implement a l l  th e  
f a c i l i t i e s  planned fo r  the th ree  phases o f  the  sy stem .
The com plete development o f  the f i r s t  phase ( th e  macros fo r  
m a in ta in in g  the c a ta lo g u e  o f  data base f i l e  d e s c r ip t io n s )  was o f  
prime im portance, fo r  w ith ou t th e  ca ta lo g u e  th er e  are  no f i l e  
d e s c r ip t io n s  on which to  base the  o th er  f a c i l i t i e s .
The d es ign  o f  the second and th ir d  ph ases  o f  the  system  ( th e  
problem s p e c i f y in g  macros and the macros fo r  g e n e r a t in g  the  
com plete program) i s  c l o s e l y  l in k e d ,  fo r  the former g a th e r s  th e  
in fo rm a tio n  and sa v e s  i t  in  a form s u i t a b le  fo r  use  by the  l a t t e r .  
The problem s p e c i f y i n g  d ia lo g u e ,  v a l id a t io n  o f  u s e r ' s  r e s p o n s e s ,  
s u b f i l e  usage and form ats and th e  macro p r o c e s s in g  fo r  t h e s e  two 
p h ases  was planned in  some d e t a i l ,  a lth ough  the f a c i l i t i e s  fo r  the  
wide page and d e fa u l t  fo r m a tt in g  f a c i l i t i e s  were o m it te d .  Because  
th e  macros fo r  one s ta g e  o f  th e  problem s p e c i f y i n g  d ia lo g u e  make 
u se  o f  the in fo rm a tio n  gath ered  in  the p rev io u s  s t a g e s  i t  was most 
co n v en ien t  to  b eg in  t h e i r  development in  the  order  in  which th ey
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a re  e x e c u te d .  The HELP macro and the macros fo r  the f i r s t  e ig h t  
s t a g e s  o f  the  problem s p e c i f y i n g  d ia lo g u e  were coded, a lth o u g h  the  
development o f  macros beyond STAGE3 i s  in c o m p le te .
The v a l i d i t y  o f  the COBOL programs gen era ted  by th e  system  
i s  i l l u s t r a t e d  in  Appendix X by a hand coded program to  s o lv e  the
I
problem d e scr ib ed  in  S e c t io n  5*9* A l l  s t a g e s  o f  the  program 
g e n e ra t io n  were c a r r ie d  out m anually  and the f a b r ic a te d  program 
com piled and ex ecu ted  u s in g  a s p e c i a l l y  cre a te d  data b a s e .  Macro 
development and COBOL program t e s t i n g  were c a r r ie d  ou t on a 
t e l e t y p e  term in a l a c c o u s t i c a l l y  coupled  v ia  th e  p u b lic  te le p h o n e  
network to  a remote ICL I 900 s e r i e s  computer.
The f o l lo w in g  s e c t i o n s  o f  t h i s  chapter  d e s c r ib e  th e  
im p lem en tation  o f  th e  system  and cover  the t o p i c s  shown below:
1 .  O u tlin e  s t r u c tu r e  o f  the system .
2 .  The u se  o f  s u b f i l e s .
3 . D e s c r ip t io n s  o f  the  c a ta lo g u e  m aintenance m acros.
4 .  The use  o f  r o u t in e s  w ith in  macros.
5 . D e s c r ip t io n s  o f  the macros fo r  the  f i r s t  n in e  s t a g e s  o f  
the  problem s p e c i f y i n g  d ia lo g u e .
S i  The g e n e r a l  s t r a t e g y  fo r  p r o c e s s in g  r e p o r t  ou tp u t format 
s p e c i f i c a t i o n s .
7 . D e s c r ip t io n s  o f  th e  macros fo r  the  rem ain ing n in e  s t a g e s  
o f  the  problem s p e c i f y i n g  d ia lo g u e .
8 .  The HELP macro.
9 . G eneration o f  th e  com plete  COBOL program.
The s e c t i o n s  are supported  by m a te r ia l  in  Appendices V to  X 
which p rovide  a d d i t io n a l  in fo rm a tio n  on s u b f i l e  fo rm a ts ,  macro 
p r o c e s s in g ,  u ser  resp on se  v a l i d a t i o n ,  COBOL g e n e ra t io n  d e t a i l s ,  
sam ples o f  the problem s p e c i f y i n g  d ia lo g u e  and gen era ted  COBOL 
program. L i s t i n g s  o f  a l l  the  macros which were coded are  in c lu d e d  
i n  th e  s e p a ra te  f o l d e r .  The ch a p ter  con c lu d es  w ith , a summary and
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F ig u re  7*1 O u t l in e  s tr u c tu r e  o f  the  COBOL rep o r t  program gen era tor
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a p p r a i s a l .
7 .2  OUTLINE STRUCTURE
The o r g a n is a t io n  o f  the COBOL r ep o rt  program g e n e r a to r ,  
which runs under the  PG/2 macro p r o c e s s o r ,  f a l l s  n a t u r a l ly  in t o  
th re e  p h ases:
1 .  Catalogue m aintenance.
2 .  Problem s p e c i f y i n g  d ia lo g u e .
3* G eneration o f  the com plete  COBOL program.
The o u t l i n e  s t r u c tu r e  i s  i l l u s t r a t e d  in  F igure  7 .1  and b r i e f  
d e s c r ip t io n s  are  g iv en  in  the  f o l lo w in g  s u b s e c t i o n s .
The f i r s t  phase i s  used e x c l u s i v e l y  by th e  data base  
a d m in is tr a to r  fo r  s e t t i n g  up and m a in ta in in g  th e  c a ta lo g u e  o f  
data base  f i l e  d e s c r i p t i o n s .
The second phase r e q u ir e s  i n t e r a c t io n  w ith  the  u ser ,  
throughout i t s  e x e c u t io n ,  w h ile  the th ir d  phase o n ly  r e q u ir e s  the  
u ser  to  i n i t i a t e  i t s  e x e c u t io n  which ta k es  p la c e  in  background  
mode.
The second and th ir d  phases  are  l in k e d  by PG/2 macro 
p r o c esso r  s u b f i l e s  which are  used e x t e n s i v e l y  fo r  the f o l l o w i n g  
purposes:
1 . C atalogue o f  f i l e  d e s c r ip t io n s .
2 .  Macro d e f i n i t i o n s .
3 .  D ia lo g u e .
4 .  Common d a ta .
5 .  ’Grown' macro d e f i n i t i o n s .
6 .  COBOL sou rce  program.
Further  d e t a i l s  o f  s u b f i l e  usage e r e  g iven  in  S e c t io n  7 .3*
oo
168
7 .2 .1  C atalogue m aintenance
As d escr ib e d  in  S e c t io n s  6 . 3 . 4  and 6 . 3 . 5 ,  th e  data base  
a d m in is tr a to r  i s  i n i t i a l l y  provided  w ith  macro d e f i n i t i o n s  fo r  
th e  f o l lo w in g  ta s k s :
1 . C rea tin g  an empty c a ta lo g u e .
2 .  Changing the  ca ta lo g u e  password.
i ■ '3* I n s e r t in g  or d e l e t i n g  a f i l e  d e s c r ip t io n .
j
The f i r s t  two ta sk s  are c a r r ie d  out by the macros CREATE and 
PASSCHANGE r e s p e c t i v e l y .  The th ir d  ta sk  i s  more co m p lica ted  and 
u s e s  four chained macros -  LIBRARIAN, LIBPRELIM, LIBDELETE and 
LIBADD. The im p lem en tation  d e t a i l s  fo r  th e se  macros are  g iv e n  in  
S e c t io n s  7*6 .1  to  7 * 6 .4 .
7 * 2 .2  Problem s p e c i f y i n g  d ia lo g u e
The problem s p e c i f y i n g  d ia lo g u e  i s  c o n v e n ie n t ly  c a r r ie d  out  
i n  e ig h te e n  s t a g e s  ( 6 . 2 . 2 ) ,  each co v er in g  an i d e n t i f i a b l e  t o p ic  
and c o n s i s t i n g  o f  one or more macro d e f i n i t i o n s .  Each macro 
d e f i n i t i o n  a u t o m a t ic a l ly  ch a in s  to  the  n e x t .  When the ’h e lp '  
f a c i l i t y  i s  invoked th e  d ia lo g u e  may be resumed a t  the s t a r t  o f
any o f  the  p reced in g  s t a g e s .  F igure  7*2 i l l u s t r a t e s  the  macro
\
l in k a g e s .
The in fo rm a tio n  provided  by the u ser  du rin g  th e  co u rse  o f  
the d ia lo g u e  i s  p ro c essed  fo r  use  in  two ty p es  o f  s u b f i l e .  Some 
in fo rm a tio n  i s  used to  g en era te  COBOL and m acro-tim e s ta te m e n ts  
which are  s to r e d  in  the  b o d ie s  o f  the  ’grown’ macro d e f i n i t i o n s .  
Other in fo rm a tio n  i s  reco rd ed , sometimes in  a b b r e v ia te d  form, in  
th e  common data s u b f i l e s .
F igu re  7»2 Macro l in k a g e s  fo r  th e  s ta g e s  o f  th e  problem  





The normal rout^ i s  by the  p e r ip h e r a l  path
170
7 * 2 ,3  G eneration o f  the com plete COBOL program
. The com plete COBOL program i s  s y n th e s i s e d  by macros which
g en era te  COBOL s ta te m e n ts  from the in fo rm a tio n  in  the common data  
s u b f i l e s  and make n e s te d  c a l l s  to  the  'grown* m acros. In t h i s  waÿ 
th e  COBOL s ta te m e n ts  in  the b o d ie s  o f  the 'grown* macros a re  
reg en era ted  to  appear in  t h e i r  c o r r e c t  p o s i t i o n s  w ith in  th e  
com plete  program. Further d e t a i l s  are g iven  in  S e c t io n  7 . 28 ,
7*3 SUBFILE USAGE
The arrangement o f  s u b f i l e s  w ith in  mai n f i l e s  i s  o u t l in e d  and 
( 3  b r i e f  d e s c r ip t io n s  o f  each type o f  s u b f i l e  are  g iv en  in  th e
f o l lo w in g  order:
1 . Catalogue o f  f i l e  d e s c r ip t io n s .
2* Macro d e f i n i t i o n s .
3* D ialogue s u b f i l e s .
4 .  'Grown* macro d e f i n i t i o n s .
5* Common data s u b f i l e s .
' 6 .  COBOL sou rce  program.
The s e c t i o n  con c lu d es  w ith  a d e s c r ip t io n  o f  how common data  
s u b f i l e s  are  u sed .
S e c t io n  30 o f  Appendix VII c o n ta in s  a summary o f  th e  
s u b f i l e s  used by th e  g e n e r a t in g  system  and g i v e s  d e t a i l s  o f  t h e i r  
i n i t i a l i s a t i o n .
Because a l im i t e d  number o f  s u b f i l e s  nia y be lo c a t e d  on a 
PG/2 macro p ro c esso r  m a i n f i l e ,  s e v e r a l  m a i n f i l e s  are  u se d  ( 4 .7 * 3 ) *  
The g e n e ra l  s t r a t e g y  adopted in  each macro d e f i n i t i o n  i s  to  assume 
th a t  th e  m a in f i l e  on which the  macro i s  lo c a t e d  i s  the c u r r e n t  
m a i n f i l e .  Thus any macro which needs to r e f e r e n c e  a s u b f i l e  on a 
d i f f e r e n t  m a in f i l e  must tem p o ra r ily  change th e  m a in f i l e  name and 




s t r a t e g y  occu rs  in  th e  STAGE7 macro, a l i s t i n g  o f  which i s  
in c lu d e d  in  the s ep a ra te  fo ld e r  (Item  2 6 ) .
7*3*1 Catalogue o f  f i l e  d e s c r ip t io n s
The c a t a lo g u e ,o f  f i l e  d e s c r ip t io n s  i s  lo c a t e d  on the  
CATALOGUE s u b f i l e  and c o n ta in s  d e t a i l s  o f  a l l  the f i l e s  in  the data 
base* The s u b f i l e  i s  m aintained by the data base  a d m in is tr a to r  and 
a c c e s s  i s  p r o te c te d  by a m u l t i l e v e l  password sy stem . D e ta i le d
I
d e s c r ip t io n s  o f  the  fprm at, c r e a t io n  and m aintenance o f  the
I V
CATALOGUE s u b f i l e  are  g iv en  in  S e c t io n s  6 . 3 ,  7*4, 7*5 and 7*6*
7*3*2 Macro d e f i n i t i o n s
Each s ta g e  o f  the  problem s p e c i f y in g  d ia lo g u e  c o n s i s t s  o f  
one or more macro d e f i n i t i o n s .  The f i r s t  macro o f  each s ta g e  i s  
c a l l e d  STAGEn, where n ta k es  the v a lu e s  from 1 to 18 . When a 
s ta g e  r e q u ir e s  more than one macro d e f i n i t i o n ,  e i t h e r  from 
c o n s id e r a t io n  o f  s i z e  or c o n v en ien ce ,  the names o f  the  o th e r  
macros take the form STAGEn-m, where m ta k es  the  v a lu e s  1 ,2  e tc*
For exam ple. Stage 3 c o n s i s t s  o f  the  macros STAGE3 and STAGE3-1* 
Each macro a u t o m a t ic a l ly  ch a in s  to  the next macro, but o n ly  th e  
f i r s t  macro in  a multimacro s ta g e  i s  a check p o in t  fo r  r e s t a r t i n g  
th e  d ia lo g u e  a f t e r  a r eq u e s t  fo r  h e lp  (F igu re  7 * 2 ) .  There i s  a l s o  
th e  s p e c i a l  purpose HELP macro which may be c a l l e d  a t  v a r io u s  
p o in t s  in  the p r o c e s s in g  c h a in .
A l l  macro d e f i n i t i o n s  are  s to r e d  in  s u b f i l e s  which have th e  
same name a s  the  macro#
' 'f
o172
7*3*3 D ia logue s u b f i l e s
These s u b f i l e s  e re  o f  two ty p es :
1 . I n s t r u c t io n a l  t e x t
2 .  Model problem t e x t
The i n s t r u c t i o n a l  t e x t  which in tro d u c es  each s ta g e  o f  the  
problem s p e c i f i c a t i o n  i s  s to r e d  in  a s e r i e s  o f  s u b f i l e s ,  one for  
each sta g e#  There i s  a l s o  a s u b f i l e  o f  i n s t r u c t i o n a l  t e x t  fo r  the  
HELP macro. The use  o f  s e v e r a l  s u b f i l e s  e n a b le s  the  t e x t  fo r  one 
s ta g e  to be changed in d ep en d en tly  o f  the o th er  s t a g e s .  The u se  o f
t e x t  s u b f i l e s  h e lp s  to  reduce th e  core  s to r a g e  demands made by the
v a r io u s  macros on the i n t e r n a l  s ta c k s  and t a b l e s  o f  th e  PG/2 macro 
p r o c e s s o r .  The i n s t r u c t i o n a l  t e x t  s u b f i l e s  are  c a l l e d  DIAL1 to  
DIAL18 fo r  the problem s p e c i f y i n g  s t a g e s  and DIALHELP fo r  th e  HELP 
macro.
There i s  one model problem t e x t  s u b f i l e  fo r  each s ta g e  o f  the  
problem s p e c i f y i n g  d ia lo g u e  and th e  s u b f i l e s  a re  c a l l e d  M0DEL1 to  
MODELI8 )» Each s u b f i l e  c o n ta in s  a copy o f  th e  i n s t r u c t i o n a l  t e x t ,  
prompts and r e sp o n se s  which would appear on the  u s e r ' s  te r m in a l  
a t  th e  corresp on d in g  s ta g e  during the  s p e c i f i c a t i o n  o f  the model 
problem . D e t a i l s  o f  the  model problem are g iv e n  in  S e c t io n  5*9#
( 3  In both ty p es  o f  d ia lo g u e  s u b f i l e  each l i n e  o f  t e x t  o c c u p ie s  ,
one s u b f i l e  record  which may c o n ta in  up to 72 c h a r a c t e r s .  The 
c o n te n t s  o f  the a p p ro p r ia te  t e x t  s u b f i l e  i s  read and w r i t t e n  out  
on the  u s e r ' s  t e r m in a l ,  record  by r eco rd , du rin g  the  macros o f
each s ta g e  or during the  e x e c u t io n  o f  the HELP macro. The
m acro-tim e s ta te m e n ts  used in  each macro to o u tp u t the  c o n t e n t s  
o f  a t e x t  s u b f i l e  are  s i m i l a r .  An example may be seen  in  th e  
STAGE1 macro, a l i s t i n g  o f  which i s  in c lu d ed  in  th e  s e p a r a te  
f o ld e r  (Item  17)•
oo
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7*3#4 ' Grown' macro d e f i n i t i o n s
The s ta te m e n ts  fo r  the 'grown* macro d e f i n i t i o n s  are  
g en era ted  and f i l e d  in  the  a p p ro p r ia te  s u b f i l e  during the  
e x e c u t io n  o f  the problem s p e c i f y in g  s t a g e s .  Each macro d e f i n i t i o n  
which i s  'grown* i s  s to r e d  in  a s u b f i l e  o f  th e  same name a s  th e  
macro and ta k es  th e  form:
%DEF macro-name
Generated COBOL s ta te m e n ts
and /or
g enerated  m acro-tim e s ta te m e n ts .
The body o f  th e  macro c o n ta in s  COBOL an d /or  m acro-tim e  
s ta te m e n ts  which depend on the u s e r ' s  problem.
The generated  s ta te m e n ts  are  f i l e d  in  the  a p p ro p r ia te  s u b f i l e  
u s in g  the  SAVE m acro-tim e s ta te m e n t .  Where s ta te m e n ts  fo r  more 
than one macro d e f i n i t i o n  are  generated  w ith in  a s t a g e ,  i t  i s  
n e c e s s a r y  to  f i l e  the  s ta te m e n ts  im m ediate ly  a f t e r  th ey  are  
g e n e ra ted .  I f  o n ly  one macro i s  b e in g  'grow n', th e  g e n era ted  
s ta te m e n ts  may a l l  be f i l e d  by one SAVE m acro-tim e s ta tem en t  
towards the  end o f  the s t a g e .
The macros 'grown' during  the  problem s p e c i f y i n g  d ia lo g u e  
are  execu ted  by means o f  n e s te d  c a l l s  when the  com plete  COBOL 
program i s  g en era ted .
7 . 3 . 5  Common data s u b f i l e s  ^
The in fo rm a tio n  gath ered  during the problem s p e c i f y i n g  
d ia lo g u e  i s  o f t e n  s to r e d  in  common data s u b f i l e s .  The common data  
s u b f i l e  i s  r e fe r e n c e d  e i t h e r  in  a l a t e r  s ta g e  o f  the d ia lo g u e  or  
du rin g  the  g en e ra t io n  o f  th e  com plete  COBOL program.
Common data s u b f i l e s  are  used  because  th e  volume o f
oo
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in fo rm a tio n  gath ered  during the d ia lo g u e  g r e a t l y  exceed s  th a t  
which could  be s to r e d  in  the  l o c a l ,  g lo b a l  and s t r i n g  v a r ia b le s  o f
the PG/2 macro p r o c e s s o r .
The format d e t a i l s  o f  a l l  the common data s u b f i l e s  a re  g iven  
in  Appendix V in  th e  order  in  which th ey  are  u s e d .  An o u t l i n e  o f  
how th ey  are  used i s  g iv en  in  S ect ion  7*3*7*
7 . 3 .6  COBOL source  program
When the com plete  COBOL program i s  s y n t h e s i s e d  the  COBOL 
s u b f i l e  i s  used to  s t o r e  the gen era ted  s ta te m e n ts  in  t h e i r  c o r r e c t  
program seq u en ce .
7 . 3 . 7  Use o f  common data s u b f i l e s
Throughout th e  s t a g e s  o f  the problem s p e c i f y i n g  d ia lo g u e  
th ere  i s  a p r o g r e s s iv e  ref in em en t o f  the in fo rm a tio n  about th e  
u s e r ' s  data b a se .  Only in fo rm a tio n  r e le v a n t  to  the cu rren t  
problem i s  r e ta in e d  so th a t  s u b f i l e  search  time i s  m in im ised .
The c a ta lo g u e  o f  f i l e  d e s c r ip t io n s  in  the CATALOGUE s u b f i l e  
contain .s  d e t a i l s  about a l l  the data f i l e s  and a l l  f i e l d s  w ith in  
the reco rd s  o f  th o s e  f i l e s  in  the data b a se .  The SUBMODEL common 
data s u b f i l e ,  a lth o u g h  s im i la r  in  format to the  CATALOGUE s u b f i l e ,  
c o n ta in s  d e r a i l s  o f  q n ly  th o se  f i l e s  and f i e l d s  to  which th e  u se r  
has password a c c q ss  qnd which are  req u ired  fo r  the  g e n e r a t io n  o f  
th e  COBOL pro grain ( 7 , 1 0 ) .
As the s t a g e s  q f  the problem s p e c i f y in g  d ia lo g u e  are  
c h eck p o in ta b le  a s u b f i l e  w r i t t e n  in  one s ta g e  cannot be m o d if ie d  
in  a l a t e r  s t a g e .  To do so would jeo p a rd ize  th e  'h e lp '  f a c i l i t y  
which a l lo w s  the u ser  to  resume p r o c e s s in g  a t  an. e a r l i e r  s t a g e  in  
order  to  change h i s  mind about a p rev io u s  d e c i s i o n .  I n s t e a d ,  data  
from one common data s u b f i l e  must be cop ied  to  an oth er  s u b f i l e
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and the  l a t t e r  updated . For example, the domain d ic t io n a r y  i s  
f i r s t  w r i t t e n  in  the  DOHAINDICT s u b f i l e  during S taged . In S tage 4 
th e  d ic t io n a r y  i s  r e f in e d  and recorded in  the  DOMAINLIST s u b f i l e .  
When, in  Stage 5 ,  the d ic t io n a r y  i s  extended to  in c lu d e  temporary  




F igu re 7 «3 Outline processing for the CREATE macro
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7.4 CREATE AN EMPTY CATALOGUE
O
o
The CREATE macro c r e a t e s  the  c o n tr o l  record  fo r  an empty 
ca ta lo g u e#  The macro c a r r i e s  out a sh ort  d ia lo g u e  w ith  the  data 
base a d m in is tr a to r  to  ga th er  d e t a i l s  about the  c a ta lo g u e  password  
and the  number o f  s e c u r i t y  l e v e l s  by which the  data f i l e s  to  be 
d e scr ib e d  th e r e in  w i l l  be p r o te c te d  (F igure  7 * 3 )•  As th e  data  
base  a d m in is tr a to r  i s  assumed to be an ex p erien ced  u ser  the  
d ia lo g u e  does not adopt a t u t o r i a l  approach#
The t e x t  fo r  the in tr o d u c to r y  d e s c r ip t io n  and the  r e q u e s t s  
fo r  in fo rm a tio n  are  s to r e d  in  the MESSAGES s u b f i l e  and are  ou tp u t  
on the  u s e r ’s  te rm in a l a s  r e q u ir e d .
The u s e r ’s  resp o n se  to  th e  r eq u e s t  fo r  th e  number o f  s e c u r i t y  
l e v e l s  i s  v a l id a t e d .  I f  i t  i s  th e  wrong l e n g t h ,  non-numeric or  
numeric but o u t s id e  the  p erm itted  range an erro r  message i s  ou tp u t  
on the u s e r ’s te r m in a l .  The u se r  i s  then prompted to  e n te r  a 
c o r r e c t  value#
The cu rren t date  and time are  ob ta in ed  from the system  
e x e c u t iv e  and the c o n tr o l  record  i s  b u i l t  up and w r i t t e n  to  the  
CATALOGUE s u b f i l e .  The macro con c lu d es  by p r in t in g  a m essage to  
sa y  th a t  the  c a ta lo g u e  i s  now ready fo r  use#
A l i s t i n g  o f  th e  CREATE macro i s  in c lu d e d  in  th e  s e p a r a t e
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i " . .
th e  s ep a ra te  fo ld e r  (Item  11) and the  d ia lo g u e  from a t y p i c a l  run 
i s  shown to g e th e r  w ith  the  c o n te n t s  o f  the  c o n t r o l  record  in  

















7.5 CHANGE THE CATALOGUE PASSWORD
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PASSCHANGe- 1
A------- £- fTxobcro .  1




The PASSCHANGE macro en a b le s  the data base  a d m in is tr a to r  te  
change the  password in  the c a ta lo g u e  c o n tr o l  r e c o r d .
The macro c a r r i e s  out a b r i e f  d ia lo g u e  w ith  the u se r  to  
a s c e r t a in  the o ld  password. The ca ta lo g u e  c o n t r o l  record  i s  then  
reed and the v a r io u s  f i e l d s  e x t r a c t e d .  I f  the  o ld  password has  
been c o r r e c t l y  su p p l ie d  the new password i s  r e q u e s te d .  The cu rren t  
date  end time are then ob ta in ed  from the system  e x e c u t iv e  and the  
c a ta lo g u e  c o n tr o l  record  i s  r e c o n s tr u c te d  to in c o r p o r a te  them and 
the new password. When the updated c o n tr o l  record  has been  
w r it t e n  on to the CATALOGUE s u b f i l e ,  the  macro co n c lu d es  by 
p r in t in g  a message to  sa y  th a t  th e  new password i s  e f f e c t i v e  
(F ig u re  7 . 4 ) ,
Aii i n c o r r e c t l y  en tered  o ld  password c a u ses  the ta sk  to  be  
abandoned a f t e r  an error  message has been o u tp u t .
A l i s t i n g  o f  the PASSCHANGE macro i s  in c lu d e d  in  th e  
sep a ra te  f o ld e r  (Item  1 2 ) .  Examples o f  the d ia lo g u e  fo r  an 
u n s u c c e s s fu l  end e s u c c e s s f u l  run are  shown in  S e c t io n  20 o f  
Appendix IX.
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7.6 INSERTING AND/OR DELETING CATALOGUE FILE DESCRIPTIONS
V  ^ . . V ...... ^




A s e t  o f  chained  macro d e f i n i t i o n s ,  the  L ib rar ian  m acros, i s  
used to  carry  out the  i n s e r t i o n  and /or  d e l e t i o n s  o f  f i l e  
d e s c r ip t io n s  in  the  ca ta logu e*  The macros are  chained because  o f  
the  la r g e  number o f  macro-tim e s ta tem en ts  req u ired  to g a th er  and 
v a l id a t e  a l l  th e  in fo rm a tio n  needed to add a f i l e  d e s c r ip t io n  to  
th e  c a ta lo g u e .  In order  to  m odify a f i l e  d e s c r ip t io n  i t  i s  f i r s t
I
n e c e s s a r y  to; d e l e t e  th e  o ld  d e s c r ip t io n  and then to  i n s e r t  th e
■ .  I  '  •
new d e s c r ip t io n .
Because the s e c u r i t y  p r o c e s s in g  fo r  the  i n s e r t i o n  and 
d e le t io n  o f  a f i l e  have common fe a t u r e s  in  the ch eck in g  o f  
passwords and f i l e  n a p es ,  i t  i s  con ven ien t to  carry  out th e  
c a ta lo g u e  amending p r o c e s s e s  by means o f  four macros -  LIBRARIAN, 
LIBPRELIM, LIBDELETE end LIBADD. F igure 6*3 i l l u s t r a t e s  th e  
fu n c t io n  and l in k a g e  o f  th e se  macros.
The d ia lo g u e  fo r  amending th e  c a ta lo g u e  i s  not t u t o r i a l  and 
prompt i n s t r u c t i o n s  u s u a l l y  occupy o n ly  one or two l i n e s .  The 
t e x t  i s  th e r e fo r e  lo c a te d  w ith in  the macro d e f i n i t i o n s  i n s t e a d  o f  
in  a t e x t  s u b f i l e .
The f o l lo w in g  s u b s e c t io n s  g iv e  o u l in e  d e s c r ip t io n s  o f  each  
o f  th e  L ib rar ian  m acros.
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7 .6 . 1  LIBRARIAN macro
The LIBRARIAN macro i s  the ’r o o t ’ macro in  the chain  o f  
macros fo r  u p d atin g  the CATALOGUE s u b f i l e .  J t  p r in t s  out th e
in trod u ctory! t e x t  and then r e q u e s t s  the  u s e r ' s  password to  the
I
c a ta lo g u e .  Only u s e r s  a b le  to  e n te r  a c h a ra c ter  s t r i n g  which i s  
the  same a s  the  passwprd in  the  ca ta lo g u e  c o n t r o l  record  are  
a llo w ed  to  proceed fu r th e r  (F igu re  7*5)•
Global and s t r i n g  v a r ia b le s  are  used to p a ss  d e t a i l s  o f  f i l e  
name, password, f i l e  and record c o u n ts ,  error  c o d e s ,  record  
p o in t e r s ,  e t c  between the  chained macros. The LIBRARIAN macro 
e x t r a c t s  the f i l e ,  record  and s e c u r i t y  l e v e l  cou n ts  from th e  
c a ta lo g u e  c o n tr o l  record  and c o n v e r ts  them to b in ary  form fo r  
l a t e r  use by the o th er  m acros. A check l i s t  o f  v a l id  s e c u r i t y  
l e v e l s  sep a ra ted  by commas i s  a l s o  b u i l t  up in  s t r i n g  v a r ia b le  
fo r  use  by the  LIBADD macro.
A l i s t i n g  o f  the  LIBRARIAN macro i s  in c lu d e d  in  th e  s e p a r a te  
f o ld e r  ( item  1 3 ) .  Examples o f  both  u n s u c c e s s fu l  and s u c c e s s f u l  
e x e c u t io n s  o f  t h i s  macro are  shown in  S e c t io n  21 o f  Appendix IX.
O
184
Figure 7*6 Outline processing for the LIBPRELIM mscro
a t a u E S T
OPTXoM










v a l x d a t e
FILENAME
% V A L n T \ _
ERRoR. MtSSflGfe 
i N V f t U l l






cata o^4,ue roA 
P lu t  NAlAt 
E £t s u c c e s s
X»4l>^CATtoft.S
ADD /  \  DBUtTfe
L X ^ M >  K — <  O P T IoK
O
o185
7 . 6 , 2  LIBPRELIM macro
T his macro d e f i n i t i o n  e s t a b l i s h e s  the o p t io n  the u ser  w ish es  
to  invoke and c a r r i e s  out the p re lim in a ry  v a l i d a t i o n  o f  f i l e  names 
and passwords p r io r  to  the e x ec u t io n  o f  the LIBADD or LIBDELETE 
macro. The macro p r o c e s s in g  i s  i l l u s t r a t e d  in  F igure 7*6 and 1 
f a l l s  in t o  f i v e  main ta sk s :
1. Option d ia lo g u e
2 .  F i l e  name v a l id a t io n
3 .  Password d ia lo g u e
4 .  C atalogue search
3 . Chain to  th e  macro fo r  the s e l e c t e d  o p t io n
The L ib rar ian  macros enable  th e  u ser  to  add and /or  d e l e t e  
s e v e r a l  f i l e  d e s c r ip t io n s  during a s e s s io n  a t  the  computer 
te r m in a l .
Further p r o c e s s in g  d e t a i l s  are g iven  in  Appendix VII 
( S e c t io n  5)* An example o f  the  d ia lo g u e  produced by th e  LIBPRELIM 
macro i s  in c lu d ed  in  Appendix IX (S e c t io n  22) to g e th e r  w ith  
sam ples o f  the LIBDELETE macro o u tp u t .  A l i s t i n g  o f  th e  LIBPRELIM 
macro i s  in c lu d ed  in  the  s e p a r a te  fo ld e r  (Item  1 4 ) .
O
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F ig u re  7*7 Outline processing fo r  the LIBDELETE macro
P A S S W O W >  
UN ACCEPT A61E 
mE'm^EQOËâT 
CAHC.&LL&D
S U C C E S S
M 6SSA Q E
o187
7 . 6.3  LIBDELETE macro
This macro d e l e t e s  a f i l e  d e s c r ip t io n  from the CATALOGUE 
s u b f i l e  a f t e r  v e r i f y i n g  both i t s  e x i s t e n c e  and the  u s e r ’s  
a u t h o r i t y  to  i n i t i a t e  the d e l e t i o n .  The macro p r o c e s s in g  i s  
i l l u s t r a t e d  in  F igure  7*7 end c o n s i s t s  o f  s i x  main ta s k s :
1 . E s t a b l i s h  the  e x i s t e n c e  o f  the f i l e  d e s c r ip t io n .
2 .  Check th a t  the u ser  has su p p lie d  the  c o r r e c t  password.
3 . D e le te  the  f i l e  d e s c r ip t io n  reco rd s  form the CATALOGUE
s u b f i l e .
4 .  Update the CATALOGUE s u b f i l e  c o n tr o l  r ec o r d .
5* Output the  s u c c e s s f u l  d e le t io n  m essage .
6 .  Chain to  the  LIBPRELIM macro.
Further p r o c e s s in g  d e t a i l s  fo r  th e s e  ta sk s  are  g iven  in  S e c t io n  6 
o f  Appendix V II .
The d ia lo g u e  in  S e c t io n  22 o f  Appendix IX i s  a sample o f  th a t  
produced by the LIBPRELIM and LIBDELETE macros and i l l u s t r a t e s  both  
u n s u c c e s s f u l  and s u c c e s s f u l  a ttem p ts  to  d e l e t e  a f i l e  d e s c r ip t io n  
from th e  CATALOGUE s u b f i l e .  A l i s t i n g  o f  th e  LIBDELETE macro 
app ears a s  Item I3 in  th e  s e p a r a te  f o ld e r .
O
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F i g u r e  7»8 Outline processing for the LIBADD mscro
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7 * 6 .4  LIBADD macro
The LIBADD mecro c a r r i e s  out a d ia lo g u e  w ith  the data base  
a d m in is tr a to r  to  gath er  a l l  the  in form ation  req u ired  to s e t  up and 
i n s e r t  record s  fo r  a new f i l e  d e s c r ip t io n  in to  the  CATALOGUE 
s  s u b f i l e .  I t  i s  by fa r  the  l a r g e s t  o f  the macros in  the L ib ra r ia n
■ chain  because  o f  th e  volume o f  in form ation  which has to  be
req u ested  and v a l id a t e d .  The form ats o f  the CATALOGUE s u b f i l e  
r eco rd s  are  g iven  in  Appendix V (S e c t io n  1 ) .
F igure 7 .8  shows the p r o c e s s in g  o u l in e  fo r  the LIBADD macro 
which c o n s i s t s  o f  th e  f o l lo w in g  main ta sk s :
1 . E s t a b l i s h  th a t  th e  c a ta lo g u e  does not a lr e a d y  c o n ta in  
th e  d e s c r ip t io n  o f  a f i l e  w ith  the  same name.
2 .  Gather the data fo r  the  f i l e  name rec o r d s  and i n s e r t  
them in  the CATALOGUE s u b f i l e .
3* Gather the data fo r  th e  p a ir s  o f  f i e l d  d e s c r ip t io n  
rec o r d s  and i n s e r t  them in  the  CATALOGUE s u b f i l e .
4 .  Check th a t  a l l  sequence keys have been a l l o c a t e d .
5* Update the CATALOGUE s u b f i l e  c o n tr o l  r e c o r d .
6 .  Output the  s u c c e s s f u l  in s e r t i o n  m essage .
7* Chain to  th e  LIBPRELIM macro.
O  Further p r o c e s s in g  d e t a i l s  fo r  th e se  ta sk s  are  g iv en  in  Appendix
; VII (S e c t io n  7 ) .
A l i s t i n g  o f  the  LIBADD macro i s  in c lu d ed  in  the s e p a r a te  
fo ld e r  (item  I 6 ) .  A sample o f  the  LIBADD d ia lo g u e  i s  shown in  
Appendix IX ( s e c t i o n  23)$ but i t  does not a ttem p t to  e x h a u s t iv e ly  
i l l u s t r a t e  the erro r  m essages which i n v a l id  u se r  r e sp o n se s  can  
provoke. A lso shown in  the same s e c t io n  i s  a l i s t i n g  o f  th e  
CATALOGUE a f t e r  the  f i l e  d e s c r ip t io n  has been s u c c e s s f u l l y  added.
Much o f  the v a l id a t io n  p r o c e s s in g  fo r  th e  LIBADD macro 




e d i t  en e x i s t i n g  f i l e  d e s c r ip t io n .  Such a macro would, however, 
be a s  la r g e  i f  not la|Tger than th e  LIBADD macro.
7 .7  USE OF ROUTINES
As i s  u su a l  in  programming p r a c t i c e ,  s e c t i o n s  o f  code which  
a re  common to  more than one macro d e f i n i t i o n  or which are  execu ted  
s e v e r a l  t im es  w ith in  a macro, or b o th , are formed in t o  r o u t i n e s .  
Among the la r g e r  r o u t in e s  which appear in  more than one \
macro are  th o se  fo r :
1 . Checking th a t  a u ser  d e v ised  name obeys the  r u l e s  fo r
a COBOL da t a -name.
2 .  T h e  v a l i d a t i o n  o f  u ser  s p e c i f i e d  c o n d i t io n s  and th e  
g e n e r a t io n  o f  the a p p ro p r ia te  COBOL c o n d it io n  s ta te m e n ts .
D e t a i l e d  d e s c r i p t i o n s  o f  s u c h  r o u t i n e s  a r e  g i v e n  i n  A p p e n d i x  VII 
a n d  u s u a l l y  f o l l o w  t h e  d e s c r i p t i o n  o f  t h e  m a c r o  i n  w h i c h . t h e y
a re  f i r s t  u sed .
Among the sm a lle r  more f r e q u e n t ly  used r o u t in e s  th e r e  are
fou r  which i t  i s  u s e f u l  to  mention a t  t h i s  p o i n t .  The t a s k s  th ey
perform are  a s  fo l lo w s :
1 . PROMPT r o u t in e  -  I s su e  a prompt, read th e  u s e r ' s  r e p ly
and d e t e c t  a p lea  fo r  h e lp .
2 .  SEARCH r o u t in e  -  B inary search  the  domain d i c t i o n a r y
fo r  a p a r t i c u la r  domain or temporary item  name.
3 . INVALID RESPONSE r o u t in e  -  Output th e  ' I n v a l id  r e s p o n se '
m essage.
4 .  default RESPONSE r o u t in e  -  Output th e  'D e fa u lt  r e s p o n se '  
m essage.
F urther d e t a i l s  o f  th e s e  r o u t in e s  are  g iven  in  Appendix VII  
( S e c t io n s  1 to  4 ) .
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Figure 7.9 Outline processing for the STAGE1 macro
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The STAGE1 macro  d e f i n i t i o n  ( F i g u r e  7 . 9 )  i s  t h e  f i r s t  i n  t h e  
c h a i n  o f  m a c r o s  w h ich  c a r r y  o u t  t h e  p ro b le m  s p e c i f y i n g  d i a l o g u e .  
T h i s  macro  p e r f o r m s  t h e  t h r e e  t a s k s  i n d i c a t e d  b e l o w :
1 .  S e t s  t h e  g l o b a l  v a r i a b l e  u s e d  to  c o n t a i n  t h e  c h e c k p o i n t  
number ( ;^CKPT) e q u a l  t o  1 .  T h i s  v a r i a b l e  i s  u s e d  t o  r e s t a r t  t h e  
COBOL g e n e r a t i n g  s y s t e m  when t h e  u s e r  r e q u e s t s  h e l p .
2 .  P r i n t s  t h e  i n t r o d u c t o r y  t e x t  f o r  S t a g e  1 w h ic h  i s  
s t o r e d  i n  t h e  DIAL1 s u b f i l e .
3 .  C h a i n s  t o  STAGE2, t h e  n e x t  macro i n  t h e  c h a i n .
The DIAL1 s u b f i l e  i n t r o d u c t o r y  t e x t  s e r v e s  t h e  f o l l o w i n g  
main p u r p o s e s :
1 .  I n t r o d u c e s  t h e  s e l f - t e a c h i n g  COBOL r e p o r t  p r o g r a m  
g e n e r a t o r .
2 . I n f o r m s  t h e  u s e r  how t o  o b t a i n  h e l p  by  means  o f  t h e  
%HELP r e s p o n s e  an d  how t o  a b a n d o n  t h e  t e r m i n a l  s e s s i o n  a l t o g e t h e r .
3 .  D e s c r i b e s  t o  t h e  u s e r  how he  may t a k e  a d v a n t a g e  o f  t h e  
d e f a u l t  o p t i o n s  o f f e r e d  i n  t h e  e n s u i n g  d i a l o g u e .
4 .  I n t r o d u c e s  t h e  c o n c e p t  o f  a r e l a t i o n a l  d a t a  b a s e  and  
r e l a t e s  t h i s  t o  t h e  t a b u l a r  form commonly u s e d  t o  p r e s e n t  d a t a .
The c o m p u te r  d i a l o g u e  o u t p u t  by  t h e  STAGE1 m a c ro  i s  
i l l u s t r a t e d  i n  A p p e n d ix  IX ( S e c t i o n  1) and  a l i s t i n g  o f  t h e  
d e v e l o p e d  macro  i s  i n c l u d e d  i n  t h e  s e p a r a t e  f o l d e r  ( I t e m  1 7 ) .
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Figure ?•10 Outline processing for the STAGES mecro
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The STAGE2 macro  c a r r i e s  o u t  a d i a l o g u e  w i t h  t h e  u s e r  i n  
o r d e r  t o  e s t a b l i s h  t h e  name and  p a s s w o r d  o f  e a c h  r e l a t i o n  t o  w h ic h  
d a t a  a c c e s s  i s  r e q u i r e d  i n  o r d e r  t o  s o l v e  t h e  p r o b l e m .  The name 
an d  p a s s w o r d  d e t a i l s  a r e  r e c o r d e d  i n  t h e  r e l a t i o n  d i c t i o n a r y  
s u b f i l e ,  EELATIONDICT, f o r  u s e  by  l a t e r  s t a g e s  o f  t h e  COBOL 
g e n e r a t o r .
F i g u r e  7*10 shows t h e  o u t l i n e  p r o c e s s i n g  f o r  t h e  STAGE2 macro 
w h ich  c o n s i s t s  o f  t h e  f o l l o w i n g  main  t a s k s :
1 .  S e t  t h e  c h e c k p o i n t  number  v a r i a b l e  (;fuCKPT) e q u a l  t o  2 .  
T h i s  v a r i a b l e  i s  u s e d  t o  r e s t a r t  t h e  COBOL g e n e r a t i n g  s y s t e m  
a f t e r  a r e q u e s t  f o r  h e l p .
2 .  P r i n t  t h e  d i a l o g u e  d e s c r i b i n g  t h e  u s e  o f  r e l a t i o n  names  
and  p a s s w o r d s  f o r  g a i n i n g  a c c e s s  t o  d a t a .  The t e x t  f o r  t h e  
d i a l o g u e  i s  s t o r e d  i n  t h e  DIAL2 s u b f i l e .
3 . P rompt t h e  u s e r  t o  e n t e r  up  t o  n i n e  r e l a t i o n  names  e a c h  
w i t h  an  a s s o c i a t e d  p a s s w o r d .  Each  u n i q u e  r e l a t i o n  name i s  c o u n t e d  
an d  r e c o r d e d  t o g e t h e r  w i t h  i t s  p a s s w o r d  i n  t h e  RELATIONDICT 
s u b f i l e .  G l o b a l  v a r i a b l e  ;fÙNREL i s  u s e d  t o  c o n t a i n  t h e  num ber  o f  
r e l a t i o n s  i n  t h e  d i c t i o n a r y  w h ic h  i s  m a i n t a i n e d  i n  a s c e n d i n g  
r e l a t i o n  name s e q u e n c e .  I f  t h e  u s e r . d u p l i c a t e s  a r e q u e s t  f o r  a 
p a r t i c u l a r  r e l a t i o n ,  an  e r r o r  m e s s a g e  a d v i s e s  him t h a t  t h e  
d u p l i c a t e  w i l l  be i g n o r e d .
4 .  When t h e  u s e r  i n d i c a t e s  t h a t  he h a s  no f u r t h e r  r e l a t i o n
oo
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names to en ter  c o n t r o l  p a s s e s  to  the  STAGE3 macro which i s  the
n ex t l in k  in  the c h a in .
A sample o f  th e  d ia lo g u e  produced by th e  STAGE2 macro i s  
in c lu d e d  in  Appendix IX (S e c t io n  2) and a l i s t i n g  o f  the d eveloped  
macro appears  a s  Item l8  in  the  sep a ra te  f o l d e r .  D e t a i l s  o f  the  
format o f  the RELATIONDICT s u b f i l e  are  g iven  in  Appendix V 
( S e c t io n  2 ) .
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Figure ?•11 Outline processing for the STAGE3 macro
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7.10 STAGE 3 "USER'S DATA BASE SUBMODEL
O
o
In the  th ir d  s ta g e  o f  the problem s p e c i f y i n g  d ia lo g u e  th e  
u ser  i s  shown d e t a i l s  o f  the  domains b e lo n g in g  to the r e l a t i o n s  
whose names he en tered  in  Stage  2 and to  which he has password  
a c c e s s .
The d ia lo g u e  t e x t  fo r  t h i s  s ta g e  i s  in  th e  DIAL3 s u b f i l e .
The c o n te n t s  o f  the  RELATIONDICT s u b f i l e  i s  used  to  determ ine which  
in fo rm a tio n  in  the CATALOGUE s u b f i l e  should be d is p la y e d  to  th e  
u s e r .
During t h i s  s ta g e  data i s  recorded  in  th ree  s u b f i l e s  fo r  
l a t e r  use  by the g e n e r a t in g  sy stem . These s u b f i l e s  are  c a l l e d  
DOHAINDICT, KEYDICT and SUBMODEL and c o n t a i n ," r e s p e c t i v e l y ,  d e t a i l s  
o f  a l l  th e  domains to  which th e  u se r  ma y have a c c e s s ,  th e  nam es-of
198
Figure  7»12 O u tlin e  p r o c e s s in g  fo r  the  STAGE5-1 macro
















A&ANTX)t4 fturi “T V  «-VJH
199
t h e  s e q u e n c e  k e y  d o m a in s  o f  t h e  u s e r ' s  r e l a t i o n s  and t h e  s u b s e t  o f  
c a t a l o g u e  f i l e  d e s c r i p t i o n s  t o  w hich  t h e  u s e r  n e e d s  a c c e s s .  T h i s
p r o c e s s i n g  i s  i l l u s t r a t e d  i n  F i g u r e  7 . 1 1 .
I n  a d d i t i o n  t o  d i s p l a y i n g  d e t a i l s  o f  t h e  u s e r ' s  d a t a  b a s e  
s u b m o d e l ,  t h e  S t a g e  3 p r o c e s s i n g  v e r i f i e s  t h a t  t h e  r e l a t i o n s  
s e l e c t e d  b y  t h e  u s e r  a r e  n o t  d i s j o i n t  o r  d i s c o n n e c t e d .  T h i s  
means t h a t  i t  w i l l  be  p o s s i b l e  t o  g e n e r a t e  t h e  COBOL f i l e  h a n d l i n g  
s t a t e m e n t s  n e c e s s a r y  t o  m a tch  up  r e c o r d s  f rom a l l  t h e  s p e c i f i e d  
f i l e s .  F i g u r e  7 . 1 2  o u t l i n e s  t h i s  v e r i f i c a t i o n  p r o c e s s *
The S t a g e  3 p r o c e s s i n g  i s  c a r r i e d  o u t  by  two macro 
d e f i n i t i o n s ,  STAGE3 s n d  STAGE3-1, t h e  fo r m e r  a u t o m a t i c a l l y  c h a i n i n g  
( 2 )  t o  t h e  l a t t e r  on  s u c c e s s f u l  c o m p l e t i o n .  I t  i s  p o s s i b l e  t h a t  i n
s u b s e q u e n t  v e r s i o n s  o f  t h e  COBOL g e n e r a t o r  t h a t  t h e  c r i t e r i a  f o r  
d e f i n i n g  d i s j o i n t  r e l a t i o n s  may be r e l a x e d  ( 6 . 4 . 2 ) ,  h e n c e  t h e  
d e c i s i o n  t o  c a r r y  o u t  t h i s  a s p e c t  o f  t h e  S t a g e  3 p r o c e s s i n g  i n  t h e  
s e p a r a t e  STAGE3-1 m a c r o .
The d a t a  f o r  t h e  SUBMODEL and  DOMAINDICT s u b f i l e s  i s  r e c o r d e d  
d u r i n g  t h e  STAGE3 macro  p r o c e s s i n g .  I n  t h i s  macro  t h e  KEYDICT 
s u b f i l e  i s  u s e d  o n l y  a s  t e m p o r a r y  s t o r a g e  w h i l e  t h e  i n f o r m a t i o n  
a b o u t  e a c h  r e l a t i o n  i s  p r o c e s s e d .  When more t h a n  one r e l a t i o n  i s  
r e q u i r e d  f o r  t h e  p r o b l e m ,  t h e  p e r m a n e n t  d a t a  f o r  t h e  KEYDICT 
s u b f i l e  i s  r e c o r d e d  d u r i n g  t h e  p r o c e s s i n g  o f  t h e  STAGE3-1 m a c r o .
F o rm a t  d e t a i l s  f o r  t h e  t h r e e  s u b f i l e s  w r i t t e n  d u r i n g  t h e  
t h i r d  s t a g e  a r e  g i v e n  i n  A p p e n d ix  V ( S e c t i o n s  3 t o  3 ) .
An exam ple  o f  t h e  S t a g e  3 d i a l o g u e  i s  g i v e n  i n  A p p e n d i x  IX 
( S e c t i o n  3 )*
F u r t h e r  d e t a i l s  o f  t h e  p r o c e s s i n g  i n  t h e  STAGE3 a n d  STAGE3-1 
m a c ro s  a r e  g i v e n  i n  A p p e n d ix  V I I  ( S e c t i o n s  8 a n d  9)  w h e r e  f u t u r e  
e n h a n c e m e n t s  a r e  a l s o  c o n s i d e r e d .  L i s t i n g s  o f  t h e s e  m a c r o s  a r e  
i n c l u d e d  i n  t h e  s e p a r a t e  f o l d e r ,  a l t h o u g h  STAGE3-1 i s  n o t  f u l l y  
d e v e l o p e d  ( I t e m s  19 an d  2 0 ) .
O
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Figure 7 .13  O u tlin e  p ro cessin g  fo r  the STAGED macro 
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7.11 STAGE 4 - SELECTION OF PROBLEM DOMAINS
USERS 
TfiRKXMft L
During t h i s  s ta g e  the  u ser  i s  reminded o f  a l l  the domains 
which are  in  the data base a s  viewed by him (F igu re  7*13)* As 
each domain name i s  d isp la y e d  the u ser  i s  i n v i t e d  to  i n d i c a t e  
whether or not i t  i s  req u ired  to  s o lv e  the cu rren t problem* I f  
the  domain i s  r eq u ired  and i t  c o n ta in s  numeric d a ta ,  th e  u s e r  i s  
i n v i t e d  to  a v a i l  h im s e l f  o f  the  autom atic  t o t a l l i n g  f a c i l i t y .
This f a c i l i t y  w i l l  a u t o m a t ic a l ly  accum ulate the  t o t a l  o f  a l l  th e  
item s  in  the  domain which are  r e t r i e v e d  from th e  data b a s e .
The STAGED macro u se s  the  DIALA and DOMAINDICT s u b f i l e s  a s  
in p u t and o u tp u ts  data to the  DOMAINLIST s u b f i l e .  The DOMAINLIST 
s u b f i l e  i s  s im i la r  to  DOMAINDICT, but c o n ta in s  d e t a i l s  o f  o n ly  
th o se  domains req u ired  to  s o lv e  the  problem. Each domain r e c o r d ,  
however, c o n ta in s  an extra  f i e l d  to  in d ic a t e  whether or n o t  t o t a l s
I
fo r  i t  w i l l  have to be accum ulated . D e t a i l s  o f  the reco rd  form ats  
used in  the  DOMAINLIST s u b f i l e  are  g iven  in  Appendix V ( S e c t io n  6 ) .
An example o f  the  Stage  4 d ia lo g u e  i s  in c lu d e d  in  Appendix IX 
(S e c t io n  4 ) .  P r o c e s s in g  d e t a i l s  fo r  the STAGE4 macro a x e  g iv e n  in  
S e c t io n  10 o f  Appendix VII and a l i s t i n g  o f  the  p a r t i a l l y  d eve lop ed  
macro i s  in c lu d ed  in  the  s ep a ra te  f o ld e r  (Item  2 1 ) .
The d es ig n  o f  the  S tage  4 d ia lo g u e  was g r e a t l y  in f lu e n c e d  by
202
t h e  f a c t  t h a t  t h e  i n p u t / o u t p u t  d e v i c e  u s e d  f o r  d e v e l o p m e n t  was 
a t e l e t y p e .  I f  a more  p o w e r f u l  d e v i c e  s u c h  a s  a v i s u a l  d i s p l a y  
d e v i c e  u n i t  was a v a i l a b l e ,  a d i a l o g u e  a d o p t i n g  a ’m e n u ’ f a c i l i t y  
f o r  t h e  s e l e c t i o n  o f  p r o b le m  d a t a  would  be more a p p r o p r i a t e .
O
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F ig u re  ? .1 4  O u tlin e  p r o c e s s in g  fo r  the  STAGE5 mecro
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T h i s  s t a g e  a l l o w s  t h e  u s e r  t o  e x t e n d  h i s  d a t a  b a s e  by  t h e
c r e a t i o n  o f  t e m p o r a r y  i t e m s  o r  dom a ins  w h ich  a r e  a v a i l a b l e  o n l y  
t o  t h e  COBOL p ro g ra m  c u r r e n t l y  b e i n g  g e n e r a t e d .  The t e m p o r a r y  d a t a  
b e l o n g s  t o  one  o f  t h r e e  c a t e g o r i e s :
1 .  A lp h a n u m e r i c
2 .  Numeric
3* Compound a l p h a n u m e r i c  
F o r  c o n v e n i e n c e  t h e  S t a g e  3 p r o c e s s i n g  i s  c a r r i e d  o u t  by  t h r e e  macro 
d e f i n i t i o n s ,  STAGE3, STAGE3-1 a n d  STAGE3 - 2 , one  f o r  e a c h  c a t e g o r y .
A p a r t  from t h e  t o t a l l i n g  f a c i l i t y  f o r  n u m e r i c  i t e m s ,  t h e  
s e t t i n g  o f  i n i t i a l  v a l u e s  and  t h e  u s e  o f  t e m p o r a r y  d a t a  i s  e n t i r e l y  
u n d e r  u s e r  c o n t r o l .  I n i t i a l  v a l u e s  a r e  s p e c i f i e d  i n  t h i s  s t a g e  an d  
t h e  p r o c e s s i n g  i s  s p e c i f i e d  i n  S t a g e  18 .
The S t a g e  3 p r o c e s s i n g  u s e s  s u b f i l e s  DIAL3 an d  DOMAINLIST a s  
i n p u t  and  o u t p u t s  d a t a  t o  t h r e e  s u b f i l e s ,  DOMAININDEX, TEMPITEM
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end CONCAT. The DOMAININDEX s u b f i l e  i s  s im i la r  to  DOMAINLIST, but 
i t  i s  w ith out the i n i t i a l  record  and a ls o  c o n ta in s  in fo rm a tio n  
ebout the  temporary and compound domains c r e a te d  by the u s e r .  The 
format d e t a i l s  fo r  the  DOMAININDEX s u b f i l e s  are  g iv en  in  Appendix 
V (S e c t io n  7 ) .
The count o f  DOMAININDEX reco rd s  i s  m aintained  in  g lo b a l
v a r ia b le  ^DMCT so th a t  i t  can r e a d i l y  be updated by any o f  the
th r e e  m acros. TEMPITEM and CONCAT are macro d e f i n i t i o n  s u b f i l e s ,
the  s ta te m e n ts  fo r  which are  gen erated  during t h i s  s t a g e .
The TEMPITEM macro i s  used during the s y n t h e s i s  o f  the
gen erated  COBOL program to i n s e r t  data d e s c r ip t io n  s ta te m e n ts  fo r
temporary d a ta ,  i f  any . The macro ta k es  the  form;
%DEF TEMPITEM 
% LABELOFF
COBOL data d e s c r ip t io n  s ta te m e n ts  fo r  
temporary and compound item s
% LABELON
9b END
The data d e s c r ip t io n  s ta te m e n ts  may be gen erated  in  any o f  th e
0 _
th ree  S tage  5 macros from the  u se r  su p p lie d  in fo r m a t io n .
The CONCAT macro i s  used during  program s y n t h e s i s  to  i n s e r t  -
MOVE s ta te m e n ts  which s e t  up the  data in  the  compound dom ains, i f
any. The macro ta k es  the form:
%DEF CONCAT 
% LABELOFF
COBOL MOVE s ta te m e n ts  to s e t  
up data in  compound domains
% LABELON
%END
The MOVE s ta te m e n ts  are  gen era ted  in  the STAGE5-2 macro from th e  
in fo rm a tio n  about compound domains su p p lied  by the  u s e r .
A u s e f u l  enhancement to th e  Stage 5 macros would be a data  
summary. A l i s t  o f  a l l  th e  temporary and compound domains c r e a te d  
during the s ta g e  cou ld  be output on the u s e r ' s  te r m in a l .  There i s  
a l s o  p o t e n t i a l  fo r  e x ten d in g  the  HELP macro f a c i l i t i e s  to  a l lo w  
th e  u se r  to  i n s p e c t ,  p o s s ib ly ,  s e l e c t i v e l y ,  d e t a i l s  o f  a l l  th e
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Figure 7.16 Outline processing for the STAGE5-2 macro
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domains in  h i s  submodel data base*
The o u t l i n e  p r o c e s s in g  fo r  the Stage 5 macros i s  i l l u s t r a t e d  
in  F ig u res  to  7«16 and fu r th e r  p r o c e s s in g  d e t a i l s  are  g iven
in  Appendix VII ( S e c t io n s  11 to  1 3 ) .  An example o f  the  S tage  5 
d ia lo g u e  i s  in c lu d e d  in  Appendix IX ( s e c t i o n  5) and l i s t i n g s  o f  
th e  p a r t i a l l y  deve lop ed  macros are  in c lu d ed  in  th e  s ep a ra te  f o ld e r  
(I tem s 22 to  24)#
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The u ser  i s  o n ly  aware o f  th e  e x i s t e n c e  o f  the  S tage  6 
p r o c e s s in g  i f  more l^han one r e l a t i o n  ( f i l e )  i s  req u ired  to  s o lv e  
h i s  problem.
Because the data f i l e s  used by the g en era ted  COBOL program 
a re  c re a te d  and m ain ta ined  by o th er  programs th ere  may be a la c k  
o f  i n t e g r i t y  in  the u s e r ' s  data base submodel. The u ser  i s  o f f e r e d  
a c h o ic e  between th r e e  ways o f  h a n d lin g  any in c o n s i s t e n c y  
encountered  by the COBOL program when m atching record  k ey s  from 
two or  more data f i l e s :
1 . The unmatched reco rd s  may be ig n o r e d .
2 .  A dummy m atching record  may be c r e a te d  w ith  z e r o s  in  
th e  numeric non-key f i e l d s  and b lan k s  in  the  alphanumeric non-key  
f i e l d s .
3 .  The run may be term in a ted .
In a l l  c a s e s  the  u se r  I s  g iv en  th e  o p t io n  o f  hav in g  an err o r  
message output by the  program (F igu re  7 « 1 7 )» The error  m essage  
w i l l  g iv e  d e t a i l s  o f  the r e l a t i o n  name ( f i l e  name) and th e  key  
v a lu e  to g e th e r  w ith  a b r i e f  comment, the t e x t  o f  which may be 
s p e c i f i e d  by the  u s e r .
The STAGES macro u s e s  the d e s c r ip t iv e  t e x t  s to r e d  in  th e  
DIAL6 s u b f i l e .  The u s e r ' s  o p t io n s  are  s to r e d  in  g lo b a l  and s t r i n g  
v a r ia b le s  fo r  use  in  a l a t e r  s t a g e .
A sample o f  th e  Stage 6 d ia lo g u e  i s  in c lu d e d  in  Appendix IX 
(S e c t io n  6) and a l i s t i n g  o f  the  p a r t i a l l y  deve loped  macro i s  
in c lu d e d  in  t h^e s ep a ra te  f o ld e r  (Item  2 5 ) .  Further p r o c e s s in g  
d e t a i l s  fo r  the STAGE6 macro are  g iv en  in  Appendix VII ( S e c t io n  14).
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F igure  7*18 O u tlin e  p r o ç e s s in g  fo r  the STAGE?-macro
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7.14 STAGE 7 - SELECTION OF DATA FOR RETRIEVAL
o
o
The STAGE 7 macro d ia lo g u e  f in d s  out whether a l l  th e  data 
r e t r i e v e d  from th e  data base should  be in c lu d ed  in  the r e p o r t  or  
i f  o n ly  a s e l e c t i o n  i s  r eq u ir ed .  In the  l a t t e r  c a se  th e  d ia lo g u e  
e x p la in s ,  w ith  exam ples, the  form o f  a s im ple  c o n d it io n  and how 
s e v e r a l  may be l in k e d  to  form a compound c o n d i t io n .  The u s e r  i s  
then prompted to  s p e c i f y  the  s e l e c t i o n  c o n d it io n  a p p l ic a b le  to  h i s  
problem. Whep a compound c o n d it io n  i s  used i t  i s  en tered  a s  two or  
more s im ple  c o n d i t io n s  and the  u se r  i s  prompted to  s p e c i f y  the  
a p p ro p r ia te  c o n ju n c t io n s ,  ^
The in s$ :r u c t io n a l  t e x t  fo r  the  STAGE7 macro i s  s to r e d  in  th e  
DIAL7 s u b f i l e  and th e  macro a l s o  read s data from the DOMAININDEX 
s u b f i l e  during the  v a l id a t io n  o f  the u s e r ' s  s im p le  c o n d i t i o n s .  The 
SELCOND macro s ta te m e n ts  are  g en era ted  a t  t h i s  s t a g e .  During th e  
s y n t h e s i s  o f  the g en era ted  program the SELCOND macro i s  used  to  
i n s e r t  the  COBOL c o n d i t io n a l^ s ta te m e n ts ,  i f  any , b e fo r e  th o se  










COBOL c o n d it io n -  
COBOL c o n d i t i o n - - - 
COBOL c o n d it io n
l -s-
}Only i f  compound co n d it io n  i s  u sed . I
%
9^ END
GO TO Z-PARA-4. GO TO Z-PARA-5. 
LABELON
Only i f  
c o n d i t io n a l  
s e l e c t i o n  
i s  made.
As the s ta te m e n ts  in  the own code f a c i l i t y  o f f e r e d  during  
Stage  18 may a l s o  be c o n d i t io n a l ,  the c o n d it io n  s p e c i f y in g  d ia lo g u e  
and v a l id a t io n  o f  the u s e r ' s  r e sp o n se s  are c a r r ie d  out by r o u t in e s  
which are  s im i la r  in  both s ta g e s*  The o u t l in e  p r o c e s s in g  fo r  the  
STAGE? macro i s  i l l u s t r a t e d  in  F igure ? .1 8 .  Further  p r o c e s s in g  
d e t a i l s  fo r  the STAGE? macro and the c o n d it io n  s p e c i f y i n g  r o u t in e s  
are  g iven  in  Appendix VII ( S e c t io n  1 5 ) .
A sample o f  the  S t a g e .?  d ia lo g u e  i s  g iv e n  in  Appendix IX 
(S e c t io n  ?) end a l i s t i n g  o f  the  p a r t i a l l y  deve lop ed  STAGE? macro 
i s  in c lu d e d  in  the  s ep a ra te  f o ld e r  (Item  26) .
O
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In t h i s  s ta g e  th e  u ser  i s  i n v i t e d  to  s e l e c t  the d im en sion s  o f  
h i s  r ep o r t  page and i s  in tro d u ced  to  the  n o t a t io n  used fo r  
s p e c i f y i n g  rep o rt  l i n e  form ats .
In order to  s p e c i f y  r ep o rt  l i n e  form ats a l a b e l  c h a r a c te r  
must be a s s ig n e d  to  each domain or temporary item  which ap p ears  in  
the  r e p o r t .  The l a b e l  c h a ra c ter  i s  used to denote  the  p r in t  
p o s i t i o n s  to  be o ccu p ied  by the i te m . As th er e  are  n in e t e e n  
p o s s ib le  l a b e l  c h a r a c te r s  up to n in e te e n  domain or temporary i tem s  
may be in c lu d ed  in  the  r ep o rt  ( 6 . 5 . 8 ) .
The u se r  i s  reminded o f  a l l  the  domains and temporary item s  
which fe a tu r e  in  h i s  problem, and i s  i n v i t e d  to  a s s ig n  th e  l a b e l  
c h a r a c ter  o f  h i s  c h o ic e  to  th o se  which w i l l  appear in  th e  p r in t e d  
rep o rt  (F igu re  7 . 1 9 ) .
The i n s t r u c t i o n a l  t e x t  fo r  th e  STAGES macro d ia lo g u e  i s  in p u t  
from th e  DIALS s u b f i l e  and d e t a i l s  o f  the  u s e r ' s  problem domains 
and temporary item s are  read from th e  DOMAININDEX s u b f i l e .
During the e x e c u t io n  o f  the  STAGES macro, d e t a i l s  o f  the  
domain or temporary item  a s s o c ia t e d  w ith  each l a b e l  c h a r a c te r  used  
are  recorded  in  the LABELTABLE s u b f i l e .  In th è  reco rd s  o f  unused  
l a b e l s  a l l  f i e l d s  e x cep t  the  f i r s t  are  empty.! 1 The format o f
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LABELTABLE s u b f i l e  reco rd s  i s  shown in  Appendix V (S e c t io n  8)*
A sample o f  th e  S tage  8 d ia lo g u e  i s  in c lu d e d  in  Appendix IX 
(S e c t io n  8) and a l i s t i n g  o f  the p a r t i a l l y  developed  macro i s  
in c lu d e d  in  the s e p a r a te  fo ld e r  (Item  2 7 ) .  P r o c e s s in g  d e t a i l s  fo r  
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In-S tagp  the  u ser  i s  in tro d u ced  to the  e d i t i n g  f a c i l i t i e s  
a v a i la b le  whep alphanum eric or numeric item s are  p r in ted  in  the  
r e p o r t .  The u ser  i s  i n v i t e d  to experim ent by d e s ig n in g  e d i t i n g  
form ats , both alphanumeric and num eric, w ith  an o p p o r tu n ity  for  
s e e in g  the  r e s u l t  o f  e d i t i n g  data v a lu e s  o f  h i s  c h o ic e .  F igure  
^•20 i l l u s t a t e s  th e  o u t l i n e  p r o c e s s in g  for  th e  STAGE9 macro.
The STAGE9 macro i s  norm ally  en tered  by c h a in in g  from the  
STAGES macro. I t  may, however, be en tered  from the HELP macro, 
where exp erim en ta l e d i t i n g  i s  one o f  the f a c i l i t i e s  o f f e r e d  to  
u se r s  who have p assed  beyond the e ig h th  s ta g e  o f  the problem  
s p e c i f y i n g  d ia lo g u e , ( F ig u r e  7 . 2 ) .  On co m p le t io n , the STAGE9 macro 
p a s s e s  c o n tr o l  e i t h e r  to  the  STAGE10 macro or to  the  macro from 
which th e  p lea fo r  h e lp  was made. The va lue  o f  the  ch eck p o in t  
v a r ia b le  ;^GKPT i s  used to determ ine the n ex t  macro in  th e  c h a in .
The i n s t r u c t i o n a l  t e x t  fo r  the STAGE9 macro i s  s to r e d  in  
s u b f i l e  DIAL9. T his  t e x t  i s  suppressed^ when the  macro i s  en tered  
v ia  the h e lp  f a c i l i t y  a s  the  u se r  w i l l  a lr e a d y  have seen  i t .
The p r o c e s s in g  d e t a i l s  fo r  the  STAGE9 macro are  summarised 
in  n o te  form in  Appendix VII (S e c t io n  1 7 ) .  The S tâgë  9 
i n s t r u c t i o n a l  t e x t  i s  i l l u s t r a t e d  in  Appendix IX (S e c t io n  9)#
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The d ia lo g u e  in  which the  form ats o f  th e  d i f f e r e n t  r ep o rt  
ou tp u t c a t e g o r ie s  are  s p e c i f i e d  i s  s i m i la r .  However, i t  i s  more 
co n v en ien t  to p r o c e s s  each ca te g o ry  o f  output in  a sep a ra te  s ta g e  
fo r  th e  fo l lo w in g  rea so n s:
1 . In each c a te g o ry  d i f f e r e n t  f i e l d  ty p e s  are  p e r m itted .
2 .  There are  v a r ia t io n s  in  the COBOL Procedure d i v i s i o n  
s ta te m e n ts  gen era ted  fo r  each c a te g o r y ,
3» The d ia lo g u e  fo r  any output c a teg o ry  may be r ep ea ted  
a f t e r  v iew in g  a sample page in  Stage  17, but th ey  are  not rep ea ted  
in  the  o r i g i n a l  o r d e r .
4 .  The combined p r o c e s s in g  fo r  a l l  c a t e g o r i e s  o f  ou tp u t  
would r e s u l t  in  a com p lica ted  macro too la r g e  fo r  th e  PG/2 macro 
p r o c e s s o r ' s  in t e r n a l  s ta c k s  and t a b l e s .
In each s ta g e  in  which the u ser  o p ts  to  s p e c i f y  ou tp u t  
form ats s ta te m e n ts  fo r  two macro d e f i n i t i o n  s u b f i l e s  are  
g e n era ted . One s u b f i l e  has the name s u f f i x  REG and the  o th e r  the  
name s u f f i x  PARA. Inform ation  i s  a l s o  w r it te n  to  a common data  
s u b f i l e  which has the  name p r e f i x  PAGE.
The body o f  th e  macro w ith  th e  name s u f f i x  REC c o n ta in s  
COBOL group d e s c r ip t io n s  fo r  the  non-blank rec o r d s  o f  th e  ou tp u t  
c a te g o r y .  The g e n e r a l  form o f  th e  s ta tem en ts  gen era ted  f o r  the  
macro i s  a s  fo l lo w s :  .
#DEF .. . .R E C  
% „LABELOFF -





01 l in e -n a m e -2 ,  
02 ...
02 « . «




F ie ld  d e s c r ip t io n s  
fo r  1 s t  l i n e .
F ie ld  d e s c r ip t io n s  
f o r  2nd l i n e .
}
}
1 s t  non-blank
record
d e s c r i p t i o n .
2nd non-blank
reco rd
d e s c r i p t i o n .
o220
These record  d e s c r ip t io n s  are  d e s t in e d  for  th e  W orking-storage  
s e c t i o n  o f  the COBOL program.
The body o f  th e  macro w ith  the name s u f f i x  PARA c o n ta in s  the  
Procedure d i v i s i o n  s ta te m e n ts  which w r ite  out th e  non-blank l i n e s
o f  th e  output c a te g o r y .
For each v a l id  l i n e  format s p e c i f i e d  by th e  u s e r ,  a record  
i s  w r i t t e n  to the s u b f i l e  w ith  the name p r e f ix  PAGE. In S tage  1? 
the  c o n te n ts  o f  t h i s  s u b f i l e  i s  used i f  the u ser  w ish es  to  view  a 
sample page. A l l  common data s u b f i l e s  with the  name p r e f i x  PAGE 
have the same format a s  th a t  shown in  S e c t io n  9 o f  Appendix V.
For each v a l id  non-blank l i n e  format en tered  by the  u ser  
s ta te m e n ts  are  gen era ted  fo r  both the  REC and PARA name s u f f i x  
macro d e f i n i t i o n  s u b f i l e s .  The s ta tem en ts  g en era ted  fo r  the  
former are  saved in  the  s u b f i l e  b e fo r e  the s ta te m e n ts  fo r  th e  
l a t t e r  are  g en era ted .
The l e v e l  02 data d e s c r ip t io n  s ta tem en ts  are  gen era ted  a s  
each f i e l d  in  the l i n e  format s p e c i f i c a t i o n  i s  i d e n t i f i e d  and 
v a l id a t e d ,  but th ey  are  not f i l e d  u n t i l  a l l  the f i e l d s  in  th e  
l i n e  have been p r o c e s s e d .  I f  an error  i s  d e te c te d  during  
the v a l i d a t i o n ,  the s ta te m e n ts  fo r  the p rev io u s  f i e l d s  in  th e  
^2) l i n e ,  i f  any, are  emptied on to  the WORK s u b f i l e .  This  s e r v e s  a s
a con ven ien t ’s in k '  in  which to  empty the PG/2 ouput s ta c k  so th a t  
i t  i s  'c lea n ed  up' ready to  p r o c e s s  the  u s e r ' s  c o r r e c te d  l i n e  
format s p e c i f i c a t i o n .  A m eaningfu l error  message i s  ou tp u t on the  
u s e r ' s  term in a l and he i s  prompted to  type in  th e  amended l i n e  
j format s p e c i f i c a t i o n .  y\'









The STAGE10 macro c a r r i e s  o u t  t h e  d i a l o g u e  i n  w h ich  t h e  u s e r  
s p e c i f i e s  t h e  f o r m a t s  o f  t h e  d e t a i l  l i n e s  w h ich  a r e  t o  be  p r i n t e d  
f o r  e a c h  r e t r i e v a l  from h i s  d a t a  b a s e .  The o u t l i n e  p r o c e s s i n g  f o r  
t h e  STAGE10 macro  i s  shown i n  F i g u r e  7 . 2 1 .
The macro u s e s  two i n p u t  s u b f i l e s ,  DIAL10 and  LABELTABLE, . 
an d  g e n e r a t e s  s t a t e m e n t s  f o r  macro  d e f i n i t i o n  s u b f i l e s  DETAILREC 
an d  WRITEPARA. I t  a l s o  w r i t e s  i n f o r m a t i o n  on t h e  common d a t a  
s u b f i l e  PAGEDETAIL. The WORK s u b f i l e  i s  u s e d  o n l y  when a f o r m a t  
s p e c i f i c a t i o n  e r r o r  i s  d e t e c t e d .
A s am p le  o f  t h e  S t a g e  10 d i a l o g u e  i s  shown i n  s e c t i o n  10 o f  
A p p e n d ix  IX.
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F igu re  7 .21  O u tlin e  p r o c e s s in g  fo r  the STA6E10 macro




7 .18.1 STAGE10 macro processing notes
1 . The STAGE10 macro i s  norm ally  en tered  by c h a in in g  from 
th e  STAGES macro, but may a l s o  be en tered  from the STAGE17-3 macro.
2 .  Checkpoint v a r ia b le  f^OCKPT i s  used to  determ ine th e  
method o f  e n try  and, on co m p le t io n , the next macro in  the  c h a in .
3 . S u b f i l e  DIAL10 c o n ta in s  th e  t e x t  which in tr o d u c e s  th e  
s ta g e  and d e s c r ib e s  th e  use  o f  t e x t  l i t e r a l s .  The DIAL10 t e x t  i s  
output o n ly  i f  STAGE10 i s  en tered  norm ally .
4 .  The LABELTABLE s u b f i l e  (Appendix V S e c t io n  8) i s  used  
during  th e  v a l id a t io n  o f  l i n e  format s p e c i f i c a t i o n s .
3 . The l e v e l  01 l in e -n a m es  used in  th e  body o f  th e  DETAILREC 
macro are  Z-DETAIL-1, Z-DETAIL-2 e t c .
6 .  P a r t i c u la r s  o f  the i d e n t i f i c a t i o n ,  v a l id a t io n  and 
g e n e ra t io n  o f  the l e v e l  02 f i e l d  d e s c r ip t io n s  fo r  the four f i e l d  
ty p es  p erm itted  in  a d e t a i l  l i n e  are  g iven  a t  the  r e f e r e n c e s  
in d ic a t e d  below:
Blank FILLER.(Appendix VII S e c t io n  l 8 ; l )
Alphanumeric l i t e r a l  FILLER (Appendix.VII S e c t io n  l 8 . 2 )  
Alphanumeric data item  (Appendix VII S e c t io n  I 8 . 3 )
Numeric data item  (Appendix VII S e c t io n  l 8 . 4 )
( 2 /  7 . The COBOL^statements gen era ted  for  th e  body o f  the
WRITEPARA macro w i l l  u l t im a t e ly  be lo c a te d  in  th e  Z-PARA-WRITS 
paragraph. This paragraph i s  performed once fo r  each tu p le  o f  
data r e t r ie v e d  (See  Appendix VII S e c t io n  19 fo r  macro d e t a i l s ) .
8 .  Forqiat d e t a i l s  fo r  th e  PAGEDETAIL s u b f i l e  a re  g iv e n  i n  
Appendix V (S e c t io n  9)#
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Figure 7.22 Outline processing for the STAGE11 macro
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7 .1 9  STAGE 11 -  EXTRA DATA ITEMS -  DATE, TIME, PAGE NUMBER
fu S E ^ Îs
TERMINAL
I n  t h i s  s t a g e  t h e  u s e r  i s  t o l d  o f  t h e  e x t r a  d a t a  i t e m s ,  d a t e ,  
t i m e  a n d  pag e  n u m b e r ,  w h ic h  he may i n c l u d e  i n  c e r t a i n  l i n e s  o f  h i s  
p r i n t e d  r e p o r t .  The t e x t  e x p l a i n i n g  which  s t r i n g s  o f  c h a r a c t e r s  
s h o u l d  be  u s e d  t o  d e n o t e  t h e  p r i n t  p o s i t i o n s  o f  t h e s e  e x t r a  d a t a  
i t e m s  i s  s t o r e d  i n  s u b f i l e  DIAL11.
The p r o c e s s i n g  i n  t h e  STAGE11 m acro ,  i l l u s t r a t e d  i n  F i g u r e  
7 . 2 2 , c o n s i s t s  o f  o n l y  t h r e e  s t e p s :
1 .  S e t  t h e  c h e c k p o i n t  v a r i a b l e  e q u a l  t o ; 1 1 .
2 .  P r i n t  t h e  i n s t r u c t i o n a l  t e x t  c o n t a i n e d ,  i n  t h e  DIAL11 § 
s u b f i l e .
3 . C h a in  t o  t h e  STAGS12 m a c ro .  ,
T h e r e  a r e  t h r e e  m a in  r e a s o n s  f o r  m ak ing  t h e  o u t p u t  o f  t h i s  fe 
i n s t r u c t i o n a l  t e x t  i n t o  a s e p a r a t e  s t a g e ,  r a t h e r  t h a n  i n c o r p o r a t i n g  ÿ 
i t  a t  t h e  b e g i n n i n g  o f  t h e  n e x t  s t a g e .  F i r s t  i t  r e d u c e s  t h e  
volume o f  t e x t  d i s p l a y e d  when t h e  u s e r  r e s t a r t s  t h e  r e p o r t  t i t l e  
s p e c i f i c a t i o n  a f t e r  a p l e a  f o r  h e l p .  S e c o n d l y ,  t h e r e  i s  p o t e n t i a l  
f o r  i n c r e a s i n g  t h e  number o f  e x t r a  i t e m s  a c c e s s i b l e  t o  t h e  u s e r ,  
e . g .  t h e  l i n e  c o u n t e r .  T h i r d l y ,  u s e r s  may f i n d  i t  d e s i r a b l e  t o  
be  o f f e r e d  t h e  u s e  o f  t h e s e  i t e m s  e a r l i e r  i n  t h e  d i a l o g u e  so  t h a t  
t h e y  may be i n c l u d e d  i n  d e t a i l  l i n e  s p e c i f i c a t i o n s .  As a s e p a r a t e  
s t a g e  t h e  o r d e r  o f  t h e  p r o b l e m  s p e c i f i c a t i o n  d i a l o g u e  i s  more  
e a s i l y  c h a n g e d .
The i n s t r u c t i o n a l  t e x t  f o r  S t a g e  11 i s  i l l u s t r a t e d  i n  
S e c t i o n  11 o f  A p p e n d ix  IX .
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7 .2 0  STAGE 12 -  REPORT TITLE SPECIFICATION
O
The STAGE12 macro c a r r i e s  out th e  d ia lo g u e  in  which th e  u ser  
s p e c i f i e s  the format o f  the  rep o r t  t i t l e ,  i f  r e q u ir e d .  The output  
s u b f i l e s  shown in  th e  above diagram are  used o n ly  i f  a r e p o r t  
t i t l e  i s  s p e c i f i e d .
A sample o f  th e  Stage 12 d ia lo g u e  i s  shown in  S e c t io n  12 o f  
Appendix IX and th e  o u t l i n e  p r o c e s s in g  i s  i l l u s t r a t e d  in  F igu re  
7 .2 3 .  '
227
F igu re  7*23 O u t l in e  p r o c e s s in g  fo r  th e  STAGE12 mscro
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7.20.1 STAGE12 macro processing notes
1 . The STAGE12 macro i s  norm ally  en tered  by ch a in in g  from
th e  STAGE11 macro, but may a l s o  be en tered  from the STAGE17 macro.
2 .  Checkpoint v a r ia b le  /fGCKPT i s  used to determ ine th e
method o f  en try  and, on co m p le t io n , the  next macro in  the chain»
3» The in tr o d u c to r y  t e x t  fo r  the  s ta g e  i s  output from the
DIAL12 s u b f i l e ,  but o n ly  i f  the  macro i s  e n tered  norm ally .
4 .  Global v a r ia b le  /^TITL i s  used to i n d ic a t e  whether or
not a r ep o rt  t i t l e  i s  s p e c i f i e d .
5* The l in e -n a m e s  gen erated  fo r  the l e v e l  01 s ta te m e n ts  in
the body o f  the TITLEREC macro are  Z-TITLE-1, Z-TITLE-2 e t c .
6 . P a r t i c u la r s  o f  th e  i d e n t i f i c a t i o n ,  v a l id a t io n  and 
g e n e r a t io n  o f  the l e v e l  02 f i e l d  d e s c r ip t io n s  fo r  the  f i v e  f i e l d  
ty p es  p erm itted  in  a t i t l e  l i n e  are  g iven  a t  th e  r e f e r e n c e s  
in d ic a t e d  below:
Blank FILLER (Appendix VII S e c t io n  l 8 . 1 )
Alphanumeric l i t e r a l  FILLER (Appendix VII S e c t io n  1 8 .2 )  
Date item  (Appendix VII S e c t io n  I 8 . 3 )
Tiqe item  (Appendix VII S e c t io n  I 8 . 6 )
Page number item  (Appendix VII S e c t io n  1 8 .7 )
^2) 7 . The body o f  the  TITLEPARA macro c o n s i s t s  o f  COBOL
Procedure d i v i s i o n  s ta te m e n ts  fo r  the Z-PARA-TITLE paragraph which  
w r it e s  out the r ep o rt  t i t l e  page. This paragraph i s  performed  
during the  i n i t i a l  s e c t i o n  o f  th e  COBOL program^ The g e n e r a l  form 
o f  the  s ta te m e n ts  gen era ted  fo r  the  TITLEPARA macro i s  shown in  
Appendix VII (S e c t io n  2 0 ) ,  >
8 .  Format d e t a i l s  fo r  the PAGETITLE common data s u b f i l e  are  
g iven  in  Appendix V (S e c t io n  9 ) .  Blank l i n e s  a f t e r  the  l a s t  
non-blank t i t l e  l i n e  are  not in c lu d e d  in  the  s u b f i l e .  ^
229
7.21 STAGE 13 - PAGE HEADING SPECIFICATION
O
O
The STAGE13 macro c a r r i e s  out the d ia lo g u e  w ith  th e  u se r  in  
which he may, i f  he d e s i r e s ,  s p e c i f y  a page h ead in g  to appear a t  
th e  top  o f  each rep o r t  page a f t e r  the t i t l e  page, i f  p r e s e n t .
S in ce  the  page heading  i s  o p t io n a l  not a l l  the  s u b f i l e s  
shown in  the  above diagram may be used during the e x e c u t io n  o f  the  
macro•
A sample o f  th e  Stage 13 d ia lo g u e  i s  shown in  S e c t io n  13 o f  
Appendix IX and the  o u t l i n e  p r o c e s s in g  i s  i l l u s t r a t e d  in  F ig u re  
7 .2 4 .  \
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7.21.1 STAGEI3 macro processing notes
1.  The n o r m a l  m e th o d  o f  e n t r y  i s  from t h e  STAGE12 m a c r o ,  
b u t  e n t r y  may a l s o  be f rom t h e  STAGE17-1 m a c ro .
2 . ;^C K PT , t h e  c h e c k p o i n t  v a r i a b l e ,  i s  u s e d  t o  d e t e r m i n e  
t h e  m e thod  o f  e n t r y  a n d ,  on c o m p l e t i o n ,  t h e  n e x t  m acro  i n  t h e  
c h a i n .
3» The i n t r o d u c t o r y  t e x t  w h ich  d e s c r i b e s  t h e  p a g e  h e a d i n g  
f a c i l i t y  i s  s t o r e d  i n  t h e  DIALI3 s u b f i l e .  The f u l l  t e x t  i s  o u t p u t  
o n l y  i f  s e q u e n c e  b r e a k  h e a d i n g s  may f o l l o w  t h e  p a g e  h e a d i n g  ( i . e .  
i f  ^GNPCEY ^  1 ) . The i n t r o d u c t o r y  t e x t  i s  n o t  p r i n t e d  i f  t h e  macro  
i s  e n t e r e d  f rom t h e  STAGE17-1 m a c r o .
4 .  G l o b a l  v a r i a b l e  ;^PAGE i s  u s e d  t o  i n d i c a t e  w h e t h e r  o r  
n o t  a p a g e  h e a d i n g  i s  s p e c i f i e d .
3« The LABELTABLE s u b f i l e  (A p p en d ix  V S e c t i o n  8 ) i s  u s e d  
d u r i n g  t h e  v a l i d a t i o n  o f  l i n e  f o r m a t  s p e c i f i a c t i o n s , b u t  o n l y  i f  
t h e y  c o n t a i n  l a b e l  c h a r a c t e r s .
6 . S t a t e m e n t s  f o r  t h e  PHEADREC macro a r e  g e n e r a t e d  o n l y  i f  
a page  h e a d i n g  i s  s p e c i f i e d .  Z-PAGE-1,  Z-PAGE-2 ,  e t c  a r e  u s e d  a s  
t h e  l e v e l  01 l i n e - n a m e s  i n  t h e  macro  body .
7 .  A l l  s e v e n  f i e l d  t y p e s  a r e  p e r m i t t e d  i n  a p a g e  h e a d i n g  
( 2 )  l i n e .  P a r t i c u l a r s  o f  t h e  i d e n t i f i c a t i o n ,  v a l i d a t i o n  a n d  l e v e l  02
s t a t e m e n t  g e n e r a t i o n  a r e  g i v e n  i n  A p p en d ix  V I I  ( S e c t i o n  I 8 ) .
8 . The PHEADPARA macro  i s  a l w a y s  g e n e r a t e d .  I t s  b o d y  
c o n t a i n s  COBOL s t a t e m e n t s  d e s t i n e d  f o r  t h e  Z-PARA-PAGE p a r a g r a p h  
( S e e  A p p e n d ix  V I I  S e c t i o n  21 f o r  macro  d e t a i l s ) .
9» The PAGEHEAD s u b f i l e  i s  r e c o r d e d  o n l y  i f  a p a g e  h e a d i n g  
i s  s p e c i f i e d .  The s u b f i l e  f o r m a t  d e t a i l s  a r e  g i v e n  i n  S e c t i o n  9 
o f  A p p e n d ix  V, -
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7 .2 2  STAGE 14 -  SEQUENCE BREAK HEADING SPECIFICATION
f-
O
I f  th e  u s e r ' s  data i s  sequenced on more than one key  domain 
the  STAGE14 macro c a r r i e s  out the  d ia lo g u e  which i n v i t e s  th e  u ser  
to s p e c i f y  sequence break head in gs fo r  h i s  r e p o r t  ouput. Sequence  
break head in gs may be s p e c i f i e d  fo r  each key l e v e l  excep t th e  
minor k ey . Only i f  the  o p t io n  i s  e x e r c is e d  are  th e  output  
s u b f i l e s  u sed . Separate  output s u b f i l e s  are  used  fo r  each key  
l e v e l  which i s  denoted by n in  th e  above diagram and in  th e  
f o l lo w in g  t e x t .
A sample o f  th e  Stage  14 d ia lo g u e  i s  in c lu d e d  in  S e c t io n  14 
o f  Appendix IX end the  o u t l i n e  p r o c e s s in g  i s  i l l u s t r a t e d  i n  
F igu re  7 .23#
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Figure 7«23 Outline processing for the STAGE1# macro
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7*22.1 STAGE14 macro notes
1 . The macro i s  norm ally  en tered  from STAGEI3 , but may a l s o  
be e n tered  from STAGE17-2.
2* G lobal v a r ia b le  ;^CKPT i s  used to determ ine the method 
o f  e n tr y  and h en ce , on c o m p le t io n , the next macro in  the  chain*
3* Global v a r ia b le  ;^HEAD i s  used to  i n d i c a t e  whether or  
n ot sequence break h ead in gs  have been s p e c i f i e d *
4* When e n tered  norm ally , sequence break head in gs are  
s p e c i f i e d  in  major to  p en u lt im a te  minor key o r d e r .  The cu rren t  
key l e v e l  i s  in d ic a t e d  by ^SBHD. When the a l t e r n a t i v e  method o f  
en tr y  i s  used  a s i n g l e  v a lu e  fo r  ;^SBHD i s  s e t  in  the  STAGE17-2 
macro*
3# The in tr o d u c to r y  t e x t  fo r  the  s ta g e  i s  output from DIAL14 
o n ly  i f  the macro i s  en tered  normally*
6 . The KEYDICT s u b f i l e  (Appendix V S e c t io n  3) i s  u sed  to  
a s s o c i a t e  a key name w ith  the  cu rren t key l e v e l  fo r  d ia lo g u e  
purposes*
7 . The l in e -n a m es  used in  l e v e l  01 s ta te m e n ts  g en era ted  
fo r  the  SBHRECn macro are  Z-HEADn-1, Z-HEADn-2 e t c ,  where n i s  
the  cu rren t key l e v e l .
8 .  The LABELTABLE s u b f i l e  (Appendix V S e c t io n  8) i s  used  in  
th e  v a l id a t iq n  o f  th e  l i n e  s p e c i f i c a t i o n  form ats which may in c lu d e  
o n ly  f i e l d  ty p es  d e sc r ib e d  in  S e c t io n s  I 8 . I  to  18*4 o f  Appendix  
VII*
9* The COBOL s ta te m e n ts  gen erated  in  the  body o f  the  
SBHPARAn,macro are  d e s t in e d  fo r  the  Z-HEADn-V/RITE paragraph.
(See Appending VII S e c t io n  22 fo r  macro d e t a i l s . )
10 . Fqrmat d e t a i l s  fo r  th e  PAGESBHn common data s u b f i l e s  
a re  g iv e n  in  Appendix V ( S e c t io n  9)®
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O n ly  i f  t h e  u s e r  a v a i l e d  h i m s e l f  o f  t h e  t o t a l l i n g  f a c i l i t y  
o f f e r e d  i n  S t a g e s  4 a n d  5» i . e .  i f  ;^TOT = 1,  a n d  t h e  d a t a  i s  
s e q u e n c e d  on more t h a n  one  k e y ,  i . e .  ;^NKEY ^  1 ,  d o e s  t h e  STAGEI5 
macro i n v i t e  t h e  u s e r  t o  s p e c i f y  f o r m a t s  f o r  s u b t o t a l  l i n e s .  
S u b t o t a l  l i n e  f o r m a t s  may be s p e c i f i e d  f o r  e a c h  k e y  l e v e l  e x c e p t  
t h e  m i n o r  k e y .  O u t p u t  s u b f i l e s  a r e  u s e d i o n l y  i f  t h e  o p t i o n  i s  
e x e r c i s e d ,  i n  w h ic h  c a s e  s e p a r a t e  s u b f i l e s  a r e  u s e d  f o r  e a c h  k e y  
l e v e l .  The k e y  l e v e l  i s  d e n o t e d  by  n i n  t h e  a b o v e  d i a g r a m  a n d  
i n  t h e  f o l l o w i n g  t e x t .
The KEYDICT a n d  LABELTABLE s u b f i l e s  (A p p e n d ix  V S e c t i o n s  3 
an d  8)  a r e  u s e d  i n  t h e  same way a s  i n  t h e  STAGE14 m a c r o .  S e c t i o n  
13 o f  A p p e n d ix  IX c o n t a i n s  a s am p le  o f  t h e  S t a g e  13 d i a l o g u e  a n d  
F i g u r e  7*26 i l l u s t r a t e s  t h e  o u t l i n e  p r o c e s s i n g .
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7 .2 3 . 1  S T A G E 1 3 macro notes
1 .  The macro  i s  n o r m a l l y  e n t e r e d  by c h a i n i n g  from t h e  
STAGE14 m a c r o ,  b u t  may a l s o  be e n t e r e d  from macro STAGE17-4.
2 .  The m e th o d  o f  e n t r y  a n d ,  on c o m p l e t i o n ,  t h e  n e x t  macro 
i n  t h e  c h a i n  i s  d e t e r m i n e d  f rom g l o b a l  v a r i a b l e  ;^CKPT.
3 .  G l o b a l  v a r i a b l e  ^ S U B T  i s  u s e d  t o  i n d i c a t e  w h e t h e r  o r  
n o t  s u b t o t a l  l i n e s  a r e  s p e c i f i e d ,
4 .  When e n t e r e d  n o r m a l l y  s u b t o t a l  l i n e s  a r e  s p e c i f i e d  i n  
p e n u l t i m a t e  m i n o r  t o  m a j o r  k e y  o r d e r .  G l o b a l  v a r i a b l e  p j^ S B T L  i s  
u s e d  t o  i n d i c a t e  t h e  c u r r e n t  k e y  l e v e l ,  VJhen t h e  a l t e r n a t i v e  
m e thod  o f  e n t r y  i s  u s e d  a s i n g l e  v a l u e  f o r ^ S B T L  i s  s e t  i n  
STAGE17-4,
3 ,  The i n t r o d u c t o r y  t e x t  f rom t h e  DIALI3 s u b f i l e  i s  o n l y
o u t p u t  i f  t h e  macro  i s  e n t e r e d  n o r m a l l y ,
6 .  The l i n e - n a m e s  u s e d  i n  t h e  l e v e l  01 s t a t e m e n t s  g e n e r a t e d  
f o r  t h e  STLEEGn macro  a r e  Z-SUBTOTALn-1, Z-SUBTOTALn-2, e t c ,
7 . O n ly  t h e  f i e l d  t y p e s  d e s c r i b e d  i n  S e c t i o n s  18 ,1  t o  1 8 , 4
o f  A p p e n d ix  V I I  may be  i n c l u d e d  i n  s u b t o t a l  l i n e  f o r m a t  
s p e c i f i c a t i o n s .
8 .  The COBOL s t a t e m e n t s  g e n e r a t e d  i n  t h e  b o d y  o f  t h e  
(2 ^  STLPARAn m acro  a r e  d e s t i n e d  f o r  t h e  Z-TOTALn-WPITE p a r a g r a p h .
(See  S e c t i o n  23 o f  A p p e n d ix  V I I  f o r  macro  d e t a i l s . )
9 . F o rm a t  d e t a i l s  f o r  t h e  PAGESTLn common d a t a  s u b f i l e s  a r e  
g i v e n  i n  A p p e n d ix  V ( S e c t i o n  9 ) .
O
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Only i f  the  u ser  took advantage o f  the  t o t a l l i n g  f a c i l i t y  
o f f e r e d  in  S ta g es  ,4 and 5» i . e .  i f  g lo b a l  v a r ia b le  ;^TOT i s  equal  
to  1 , does the STAGE16 macro i n v i t e  the u ser  to  s p e c i f y  l i n e  
form ats fo r  t o t a l  l i n e s .
The output s u b f i l e s  are w r i t t e n  o n ly  i f  t o t a l  l i n e s  are  
s p e c i f i e d  fo r  the r e p o r t .
A sample o f  the  Stage  16 d ia lo g u e  i s  in c lu d e d  in  S e c t io n  16 
o f  Appendix IX and th e  o u t l i n e  p r o c e s s in g  i s  i l l u s t r a t e d  in  
F igure  7 .2 7 '
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Figure 7*27 Outline processing for the STAGEI6 macro
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7,24.1 STAGEI6 macro notes
1. The STAGEI6 macro i s  entered by chain ing  from the STAGE15
macro or from the STAGE17-5 macro.
2 .  Checkpoint v a r ia b le  ;fùCKPT i s  used to determine the  
method o f  en try .  Only when entry i s  from STAGEI5 i s  the
in trod u ctory  te x t  from the DIAL16 s u b f i l e  output to the u se r .
G lobal v a r ia b le  ;^TOTL i s  used to record  whether or not  
t o t a l  l i n e s  are  s p e c i f i e d .
4 .  The l in e -n a m e s  used in  the  l e v e l  01 s ta te m e n ts  
gen erated  fo r  the  TOTLREC macro are  Z-TOTAL-1, Z-TOTAL-2, e t c .
5» The, LABELTABLE s u b f i l e  (Appendix V S e c t io n  8) i s  used  
during the  v a l id a t io n  o f  l i n e  format s p e c i f i c a t i o n s  o n ly  when 
th ey  c o n ta in  la b e l  c h a r a c t e r s .  Only the f i e l d  ty p es  d e sc r ib e d  in  
Appendix VII S e c t io n s  I 8 . I  to  1 8 .4  may be u se d .
6 . The COBOL statem ents generated for  the body o f  the  
TOTLPARA macro are d estin ed  for  the Z-TOTALO-WRITE paragraph.
(See S e c t io n  24 o f  Appendix VII fo r  macro d e t a i l s . )
7# Format d e t a i l s  fo r  th e  PAGETOTL s u b f i l e  are  g iv e n  i n  i 
Appendix V (S e c t io n  9)*
O
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7.25 STAGE 17 - SAMPLE PAGE DIALOGUE
yl KÊ.yr>xcT




O The purpose o f  the Stage 17 problem s p e c ify in g  d ia logue i s  
to g ive  the user the opportunity  to view a s t y l i z e d  sample o f  a 
report page based on the format s p e c i f i c a t io n s  which he entered  
during the e a r l i e r  s ta g e s  o f  the d ia logu e . Should the composite  
page prove d isp le a s in g  or i f  the u s e r 's  design  cannot be 
accommodated w ith in  the number o f  l i n e s  chosen a s  the maximum for  
a report page, the user i s  in v i te d  to redesign  the formats for  the  
report output c a t e g o r ie s .
In order to be ab le  to enter  and return from the format 
s p e c i fy in g  macros o f  the previous s ta g e s ,  s i x  macro d e f in i t i o n s  
are i^equired for Stage 17. The Stage 17 macro l in k a g e s  o r i g i n a l l y
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i l l u s t r a t e d  4 .1 1  F igu re  7 . 2  are  redrawn in  F igure  7*28 w ith  the  
l in k a g e s  to the  HELP macro o m it te d .  F ig u res  7*29 to 7*34 and the  
accompanying n o te s  o u t l i n e  th e  p r o c e s s in g  c a r r ie d  out by th e  s i x  
Stage  17 macros.
-  : ! I
In a d d it io n  to  the  DIAL17 t e x t  s u b f i l e  and the  key  
d ic t io n a r y  s u b f i l e  KEYDICT, a l l  the  s u b f i l e s  w ith  th e  PAGE name 
p r e f i x ,  w r i t te n  in  S ta g es  10, 12, 13$ 14, 13 end I 6 , are  used  
when b u i ld in g  up the  sample r ep o r t  p ages .
A s t y l i z e d  r ep o r t  page i s  in c lu d e d  in  th e  sample o f  S tage  17 
d ia lo g u e  which appears in  S e c t io n  17 o f  Appendix IX.
O
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7 .2 5 .1 STAGEI7 macro notes
1 . I f  any o f  the  c o n d i t io n s  s e t  out in  S e c t io n  25 o f  
Appendix VII fo r  the com bin ations o f  rep o rt  ou tp u t c a t e g o r i e s  to  
be accomodated on a r ep o r t  page are not s a t i s f i e d ,  an o v e r s i z e  
page i s  deemed to  have been s p e c i f i e d .  In t h i s  ca se  @ m eanin gfu l  
erro r  message i s  ou tp u t on the u s e r ' s  term in a l and he i s  asked  to  
r e d e s ig n  the page la y o u t .
2 .  The data in  th e  s u b f i l e s  w ith  the name p r e f ix  PAGE 
(Appendix V S e c t io n  9) i s  used to form the page samples d is p la y e d  
on the  u s e r ’s  t e r m in a l .  The t i t l e  page, i f  s p e c i f i e d ,  c o n s i s t s  o f  
th e  l i n e  reco rd s  from th e  PAGETITIE s u b f i l e  and s u f f i c i e n t  blank  
l i n e s  to  make up a f u l l  le n g th  page . The sample r ep o rt  page  
c o n s i s t s  o f  one copy o f  the l i n e  reco rd s  fo r  each c a te g o ry  o f  
output s p e c i f i e d  by th e  u se r ;  The l i n e  reco rd s  fo r  the d e t a i l  
c a te g o r y  a r e ,  i f  space  p e r m its ,  rep ea ted  s e v e r a l  t im es  to f i l l  ou t  
the  sample page to  near maximum le n g t h .  The ou tp u t c a t e g o r i e s  
appear in  t h e i r  n a tu r a l  o rd e r ,  i . e .  page h ea d in g , sequence break  
h e a d in g s ,  d e t a i l  l i n e s ,  sequence break s u b t o t a l s  and t o t a l s .  When 
the  page le n g th  i s  too  sh o r t  to accomodate s u b t o t a l  and t o t a l  
c a t e g o r ie s  th ese  are made to  appear on a s ep a ra te  headed page or  
p a g e s .  In a l l  c a s e s  where l i n e  reco rd s  from th e  PAGE name 
s u b f i l e s  b eg in  w ith  the  g r e a te r  than c h a r a c ter  ( ) ) ,  t h i s  i s  
r e p la c e d  by a blank b e fo r e  the l i n e  i s  output fo r  the u s e r .
3* G lobal v a r ia b le s  and ;^SBTL are  i n i t i a l l y  s e t
equal to  zero and ;fÙNKEY r e s p e c t i v e l y .  These v a r ia b le s  a re  used  
to  i n d ic a t e  the cu rren t key  l e v e l  when sequence break h ea d in g s  and 
s u b t o t a l s  output form ats are r e s p e c i f i e d  (7 .2 2  and 7 . 23) .
4# The f i r s t  r ep o r t  output ca te g o ry  which the u ser  i s  
i n v i t e d  to  r e d e s ig n  i s  th e  r ep o r t  t i t l e .
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Figure 7*30 Outline processing for the STAGE17-1 macro
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Figure  7*31 O u t l in e  p r o c e s s in g  fo r  th e  STAGE17-2 macro O
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7 .2 3 .2 STAGE17-1 macro notes
The STAGEI7- I  macro ask s  the u ser  to s p e c i f y  whether or not  
he w ish es  to r e d e s ig n  the  page h ead in g . I f  the r e p ly  i s  ' y e s ’ 
c o n t r o l  i s  passed  to  the  STAGEI3 macro, o th er w ise  c o n tr o l  p a s s e s  
to  the  STÀGE17-2 macro.
7 .2 5 .3  STAGE17-2 macro n o te s
1. I f  the number o f  sequence keys in  the u s e r ' s  data 
(;^NKEY) i s  g r e a te r  than 1 and the  u ser  had p r e v io u s ly  s p e c i f i e d  
sequence break h e a d in g s ,  i . e .  ;^HEAD eq u als  1, he i s  g iv en  the
( 2 )  o p p o r tu n ity  to  r e d e s ig n  t h e i r  l a y o u t s .  O therw ise c o n tr o l  p a s e e s
to  the  STAGE17-3 macro.
2 .  The u ser  i s  i n v i t e d  to  r e d e s ig n  the  sequence break  
heading fo r  each key  domain in  major to p en u lt im a te  minor k ey  
o r d e r .  Global v a r ia b le  /fOSBHD i s  used to denote the  key l e v e l  o f  
the cu rren t  sequence break h ead in g . This v a r ia b le  i s  i n i t i a l i s e d  
to zero in  the STAGE17 macro and i s  increm ented in  the d ia lo g u e  
p r o c e s s in g  loop  o f  t h i s  macro. i s  a l s o  used to lo o k  up the
name o f  the cu rren t key domain in  the KEYDICT s u b f i l e .  C o n tro l  
•passes  to  the STAGE14 macro i f  the u ser  a c c e p t s  th e  i n v i t a t i o n  to  
r e d e s ig n  a s p e c i f i c  sequence break h ead in g .
3 . When a l l  sequence break head in gs have been o f f e r e d  to  
the u s e r ,  i . e .  ;^SBHD eq u a ls  ;^NKEY, c o n tr o l  p a s s e s  to  th e  
STAGE17-3 macro.
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Figure 7.32 Outline processing for the STA6E17-3 macro
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F igu re  7*33 O u tlin e  p r o c e s s in g  fo r  th e  STAGE17-4 macro
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7 .2 3 .4 STAGE17-3 macro notes
The STAGE17-3 macro a sk s  the u ser  i f  he w ish es  to r e d e s ig n  
h i s  d e t a i l  l^ne fo rm a ts .  I f  the  r e p ly  i s  ' y e s ' ,  c o n tr o l  p a s s e s  to  
th e  STAGE10 q a cro , o th e r w ise  c o n t r o l  i s  p assed  to  the  STAGE17-4 
macro.
7 . 23*3 STAGE17-4 macro n o te s
1 . I f  the fo l lo w in g  th ree  c o n d it io n s  are  s a t i s f i e d  th e  u ser  
i s  g iv en  the o p p o r tu n ity  to  r e d e s ig n  the sequence break s u b t o t a l  
l a y o u t s ,  o th er w ise  c o n tr o l  p a s s e s  d i r e c t l y  to th e  STAGE17-3  macro:
T o t a l l in g  f a c i l i t y  invoked (;^TOT = 1 ) .
There i s  more than one sequence key  in  th e  u s e r ' s  data 
(;^NKEY > 1 ) .
Sequence break s u b t o t a l s  have p r e v io u s ly  been s p e c i f i e d  
(;^SUBT = 1 ) .  ^
2 .  The u ser  i s  i n v i t e d  to  r e d e s ig n  the  sequence break  
s u b t o t a l s  output fo r  each key domain in  p en u lt im a te  minor to  major 
key o r d e r .  Global v a r ia b le  /GSBTL i s  used to denote the  key  l e v e l  
o f  the  cu rren t sequence break o u tp u t .  This v a r ia b le ,  i n i t i a l i s e d  
to  the  va lu e  o f  ;^NKEY in  th e  STAGEI7 macro, i s  decremented in  the  
d ia lo g u e  p r o c e s s in g  lo o p .  I t  i s  a l s o  used to  lo o k  up th e  name o f  
th e  cu rren t key domain in  the  KEYDICT s u b f i l e .  C ontrol p a s s e s  to  
th e  STAGEI3 macro i f  the  u ser  a c c e p t s  the i n v i t a t i o n  to r e d e s ig n  
th e  s u b t o t a l  output f o r  a sequence break on a s p e c i f i c  k e y .
3# When a l l  th e  sequence break s u b t o t a l  o u tp u ts  have been  
o f f e r e d ,  i . e .  ;^SBTL eq u a ls  *1, c o n tr o l  p a s se s  to  th e  STAGE17-3 
macro.
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F igu re  7 .3 4  O u tlin e  p r o c e s s in g  f o r  the  STAGE17-5 macro
' 7*25.6  STAGE17-3 macro n o te s
O
I f  th e  t o t a l l i n g  f a c i l i t y  was invoked , i . e .  ;^TOT i s  eq u a l  
to  1 , the  STAGE17-5 macro i n v i t e s  the  u ser  to r e d e s ig n  h i s  t a t a l s  
o u tp u t .  I f  he a c c e p t s  th e  o f f e r  c o n tr o l  p a s se s  to  the STAGEI6 
macro, o th er w ise  i t  i s  passed  to  the  STAGE17 macro where th e  
v a l i d i t y  on any la y o u t  changes can be a s s e s s e d .









The m a j o r  f u n c t i o n  o f  t h e  STAGEI8 m acro  i s  t o  e x p l a i n  t o  t h e  
u s e r  t h e  own code  p r o c e s s i n g ' f a c i l i t i e s  a n d ,  i f  r e q u i r e d ,  t o  c a r r y  
o u t  t h e  d i a l o g u e  i n  w h ich  he  s p e c i f i e s  h i s  r e q u i r e m e n t s .  B e c a u s e  
t h e y  r e q u i r e  r e l a t i v e l y  . f ew  m a c r o - t i m e  s t a t e m e n t s  t h e  
f o l l o w i n g  t h r e e  s u b s i d u a r y  t a s k s  a r e  i n c l u d e d  i n  o r d e r  t o  a v o i d  
y e t  a n o t h e r  s t a g e : .  • '
oo
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1 .  I n v i t e  t h e  u s e r  t o  e n t e r  comments on t h e  p r o b le m  
s p e c i f y i n g  s t a g e s .
2 .  G e n e r a t e  s t a t e m e n t s  f o r  t h e  CONSTANTS macro  d e f i n i t i o n  
s u b f i l e  w h ich  i s  u s e d  d u r i n g  t h e  g e n e r a t i o n  o f  t h e  c o m p l e t e  COBOL 
p r o g r a m .
3 . I n s t r u c t  t h e  u s e r  how t o  e x i t  f rom t h e  PG/2  macro  
p r o c e s s o r .
The i n s t r u c t i o n a l  t e x t  l o c a t e d  i n  t h e  DIALI8 s u b f i l e  d e s c r i b e s  
t h e  u s e  o f  t h e  f i v e  own code  s t a t e m e n t s  ADD, SUBTRACT, DIVIDE, 
MULTIPLY an d  MOVE ( 6 . 6 . 4 ) .  As t h e  e x e c u t i o n  o f  e a c h  own co d e  
s t a t e m e n t  may be  c o n d i t i o n a l  some o f  t h e  t e x t  i n  t h e  DIAL? s u b f i l e  
may be  u s e d  i f  t h e  u s e r  w i s h e s  t o  be r e m i n d e d  o f  how t o  s p e c i f y  
c o n d i t i o n s .
F o r  e a c h  p o i n t  i n  t h e  COBOL r e p o r t  p ro g ra m  w h e re  own code  
p r o c e s s i n g  may be  i n s e r t e d  t h e r e  e x i s t s  a macro  d e f i n i t i o n  s u b f i l e  
w i t h  OWN a s  t h e  name p r e f i x .  F u r t h e r  d e t a i l s  o f  t h e  s u b f i l e  
a s s o c i a t e d  w i t h  e a c h  p r o c e s s i n g  p o i n t  i s  g i v e n  i n  A p p e n d i x  V I I  
( S e c t i o n  2 6 ) .  The s t a t e m e n t s  f o r  t h e  m a c ro s  a t  t h e  s e l e c t e d  own 
code p r o c e s s i n g  p o i n t s  a r e  g e n e r a t e d  d u r i n g  t h i s  s t a g e .  The body  
o f  ea c h  macro  c o n t a i n s  t h e  COBOL s t a t e m e n t s  g e n e r a t e d  f rom  t h e  
i n f o r m a t i o n  s u p p l i e d  i n  t h e  u s e r ' s  own code  s p é c i f i a c t i o n s .
The DOMAININDEX s u b f i l e  i s  r e f e r e n c e d  d u r i n g  t h e  v a l i d a t i o n  
o f  t h e  u s e r ' s  own code  a n d  c o n d i t i o n  s t a t e m e n t s ,  i f  a n y .
The COMyiENTS s u b f i l e  i s  a t e x t  s u b f i l e  t o  w h ic h  a n y  comments 
t h e  u s e r  may c h o o s e  t o  e n t e r  a b o u t  t h e  COBOL g e n e r a t i n g  s y s t e m  
a r e  a p p e n d e d .  The s u b f i l e  c o n t e n t s  a r e  a v a i l a b l e  t o  t h o s e  
m a i n t a i n i n g  t h e  COBOL g e n e r a t i n g  s y s t e m .
The CONSTANTS macro  d e f i n i t i o n  s u b f i l e  i s  u s e d  t o  p a s s  
v a l u e s  o f  s t r i n g  a n d  g l o b a l  v a r i a b l e s  b e t w e e n  t h e  p r o b l e m  
s p e c i f y i n g  p h a s e  a n d  t h e  COBOL p ro g ra m  g e n e r a t i n g  p h a s e .
A s a m p le  o f  t h e  S t a g e  I 8 d i a l o g u e  i s  i n c l u d e d  i n  S e c t i o n  I 8
253 .
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o f  Appendix |X  and th e  o u t l i n e  p r o c e s s in g  o f  th e  STAGEI8 macro i s  
i l l u s t r a t e d  in  F igure  7»35*
7 . 26.1  STAGEI8 macro n o te s
1 .  Copies o f  the  c o n d it io n  s p e c i f y in g  and v a l id a t io n  
r o u t in e s  are  in c lu d e d  in  the  STAGEI8 macro (Appendix VII S e c t io n s
15.1 and 15. 2 ) .
2 . The i d e n t i f i c a t i o n  and v a l id a t io n  o f  own code s ta te m e n ts  
i s  d e scr ib e d  in  S e c t io n  27 o f  Appendix VII to g e th e r  w ith  d e t a i l s  
o f  the g e n e ra t io n  o f  the  e q u iv a le n t  COBOL s ta te m e n ts .
3 . The g e n e r a l  form o f  the OWN name p r e f i x  macros g en era ted  
in  t h i s  s ta g e  i s  shown in  S e c t io n  26 o f  Appendix V II .
4 .  S e c t io n  28 o f  Appendix VII g iv e s  d e t a i l s  o f  the  
v a r ia b le s  whose v a lu e s  are  recorded  in  the CONSTANTS macro and 
a l s o  the  g en era l  form o f  t h i s  macro.
3 . I f  the t o t a l l i n g  f a c i l i t y  was invoked in  S ta g e s  4 or  3$ 
i . e .  i f  g lo b a l  v a r ia b le  ;^TOT i s  equal to 1 » th e  u se r  i s  
i n s t r u c t e d  how to a c c e s s  th e  s u b t o t a l s  and t o t a l s  in  h i s  own code  
s ta te m e n ts .
O
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Figure  7 .5 6  O u tlin e  p r o c e s s in g  fo r  the  HELP rasero
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7 .2 7  HELP MACRO
HELP
The HELP macro c a r r i e s  out a d ia lo g u e  w ith  the u ser  in  which
th e  'help* f a c i l i t i e s  are  d e sc r ib e d  and the s e l e c t e d  o p t io n
im plem ented. The d e t e c t io n  o f  a p lea  fo r  h e lp  and the  f a c i l i t i e s  
a v a i l a b l e  are  d e scr ib e d  in  S e c t i o n ' 6 , 2 . 3 .  The HELP macro l in k a g e s  
are  i l l u s t r a t e d  in  F igure  7*2 and the o u t l i n e  p r o c e s s in g  i s  shown 
i n  F igure  7*56.
One and sometimes two t e x t  s u b f i l e s  are  used a s  in p u t  to  the  
HELP macro. The DIALHELP s u b f i l e  c o n ta in s  the  t e x t  d e s c r ib in g  the  
h e lp  f a c i l i t i e s .  The o th er  t e x t  s u b f i l e  MODELn, where n i s  the  
cu rren t s ta g ç  number co n ta in ed  in  g lo b a l  v a r ia b le  ;^CKPT, i s  used  
o n ly  i f  the  p p tion  to  v iew  th e  d ia lo g u e  fo r  the  corresp on d in g
s ta g e  o f  the  model problem i s  s e l e c t e d .
The WORK s u b f i l e  i s  used a s  a ' s in k '  in  which to  empty the  
PG/2 macro p r o c esso r  output s ta c k  o f  any s ta te m e n ts  g en era ted  in  
the  s ta g e  from which the  p lea  fo r  h e lp  was made.
The p r o c e s s in g  d e t a i l s  fo r  the  HELP macro are  g iv en  in
;
S e c t io n  29 o f  Appendix VII and a l i s t i n g  o f  the p a r t i a l l y  d eve lop ed  
macro i s  in c lu d ed  in  th e  s ep a ra te  fo ld e r  (Item  28 ) .
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Figure 7*57 O u t l i n e  s t r u c tu r e  o f  the  PG/2 macro p ro cesso r  in p u t f i l e  fo r  the  
g e n e r a t i o n  o f  a com plete  COBOL rep o rt  program
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7 .2 8  GENERATION OF A COMPLETE COBOL PROGRAM
In the p r o c ess  o f  g e n e r a t in g  a com plete COBOL r ep o r t  program
O the program i s  b u i l t  up by s y n t h e s i s in g  a very  la r g e  num ber'of  fragm ents o f  code (r a th e r  l i k e  co n v e n t io n a l  com piler  code  
g e n e r a t io n ) . This i s  in  c o n tr a s t  w ith  the p r o c e s s  o f  g e n e r a t in g  
a FORTRAN program [ 5] which c o n s i s t e d  o f  " f i l l i n g  out a 
framework'.
During the problem s p e c i f y i n g  d ia lo g u e  the  u ser  s u p p l ie d  a l l  
the in form ation  n e c e s s a r y  to ^ g en era te  the com plete  COBOL program. 
This in fo rm a tio n  was recorded in  the common data s u b f i l e s  and the  
macro d e f i n i t i o n s  which were 'grown' during the  v a r io u s  s t a g e s  o f  
th e  d ia lo g u e .  The com plete  COBOL program can be g en era ted  u s in g  
th e  PG/2 p r o cesso r  and a prepared in p u t  f i l e  c o n ta in in g  a s e r i e s  
o f  system  an(% COBOL g e n e r a t in g  m acros. F igure  7*27 i l l u s t r a t e s
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the g e n e r a l  form o f  the  PG/2 macro p ro cesso r  in p u t f i l e  which  
ca u ses  the com plete COBOL program to  be gen erated  and f i l e d  in  
the  COBOLPROG s u b f i l e .
The g e n e ra t io n  o f  the  com plete  COBOL program i s  c a r r ie d  out  
by a s e r i e s  o f  COBOL g e n e ra t in g  macros for  the f o l lo w in g  rea so n s:
1 . A s i n g l e  macro would be too l a r g e .
2 .  The PG/2 s ta c k s  are  not la r g e  enough for  a l l  the  'grown*
macros to  be loaded  a t  the same t im e .
5 .  The PG/2 ou tp u t s ta c k  i s  not la r g e  enough to  c o n ta in  the  
com plete  COBOL program.
The s tr u c tu r e  o f  the COBOL program i s  p a r t ly  determ ined by 
C 3  gen era to r  macros and p a r t ly  by the 'grown' m acros. The program
l i s t i n g  in  Appendix X i s  ann otated  to show which s ta te m e n ts  come
from grown' macros and which come from the g en era to r  m acros.
The system  macros c o n tr o l  the lo a d in g  o f  the  'grown' m acros, 
th e  b o d ie s  o f  w hich, w ith  the e x c e p t io n  o f  the CONSTANTS macro, 
c o n ta in  fragm ents o f  COBOL cod e . The COBOL g e n e r a t in g  macros 
make n e s te d  t a i l s  to  the 'grown' macros so th a t  the COBOL code  
th ey  c o n ta in  i s  r eg en era ted  in  the  c o r r e c t  p o s i t i o n  in  th e  program, 
>- In the  COBOL g e n e r a t in g  macros the c a l l s  to  the  grown' macros
are  in t e r s p e r c e d  between m acro-tim e s ta tem en ts  which g en era te
o th er  fragm ents o f  cod e . The in fo rm a tio n  from which th e se
fragm ents are gen era ted  i s  o b ta in ed  from the common data s u b f i l e s  
and the v a lu e s  o f  th e  s t r i n g  and g lo b a l  v a r ia b le s  a s  s e t  by th e  
CONSTANTS macro.
During the COBOL g e n e r a t in g  macro which c a r r i e s  out th e  Data 
d i v i s i o n  p r e l im in a r ie s  (Appendix V III S e c t io n  5 ) the common data 
s u b f i l e  PICTUREDICT i s  w r i t te n  and two more m acros, TUPLE and 
SAVETOTL, ar^ 'grow n'. They are  used to  r e c o r d - in fo r m a t io n  and 
COBOL s ta te m e n ts  which are  req u ired  by subsequent COBOL' 
g e n e r a t in g  macros. !
O
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D e t a i l s  o f  the  g e n e ra t io n  o f  a COBOL rep o rt  program, fo r  the  
g e n e ra l  ca se  where the u s e r ' s  data i s  on more than one in p u t f i l e  
and sequenced on more than one key are g iven  in  Appendix V II I .
A l l  the data f i l e  sequence k eys  are assumed to  be in  a sce n d in g  
order  and th ere  i s  no p r o v is io n  fo r  the e l im in a t io n  o f  d u p l ic a te  
d e t a i l  l i n e s .
A u s e f u l  e x te n s io n  would be to amend the gen era to r  macros 
so th a t  th ey  could  tak e  advantage o f  s p e c ia l  c irc u m sta n c es ,  e . g .  
where o n ly  one data f i l e  i s  used or when a l l  the  data f i l e s  are  
sequenced on one and the same k ey . The generated  program cou ld  
then be s tr u c tu r e d  to take advantage o f  the s p e c i a l  c o n d i t io n s  
and so y i e l d  s im p ler  COBOL cod e . Areas where the  s p e c i a l  . 
c o n d i t io n s  prove advantageous in c lu d e  the t o t a l l i n g  f a c i l i t y ,  the  
m atching o f  in p u t record  keys and th e  d e t e c t io n  o f  sequence key  
b rea k s .
A l i s t i n g  o f  the  COBOL program which would be g en era ted  fo r  
th e  s o lu t io n  o f  th e  model problem d escr ib ed  in  S e c t io n  5*9 i s  
in c lu d ed  in  Appendix X.
7.29  SUMMARY AND APPRAISAL
( 2 )  The m a te r ia l  p resen ted  in  t h i s  chapter  and the  c o n te n t s  o f
Appendices V to X dem on strates  the f e a s i b i l i t y  o f  g e n e r a t in g  v a l id  
COBOL r ep o rt  programs from in fo rm a tio n  gath ered  in  a d ia lo g u e  w ith  
a c a su a l  u ser  who i s  p resen ted  w ith  a r e l a t i o n a l  view  o f  h i s  d a ta .
The use o f  the c a ta lo g u e  e n a b le s  data a c c e s s  to  be 
c o n t r o l l e d  and a l lo w s  the r e l a t i o n a l  view  to  be p resen ted  w ith o u t  
burdening the  c a su a l  u ser  w ith  d e t a i l s  o f  the  p h y s ic a l  
o r g a n is a t io n  o f  h i s  data f i l e s .  Although o n ly  b a s ic  f a c i l i t i e s  
were developed in  the L ib ra r ia n  macros to  enab le  the data base  
a d m in is tr a to r  to m ain ta in  the c a ta lo g u e  o f  f i l e  d e s c r i p t i o n s ,  
t h e r e  i s  p o t e n t i a l  fo r  th e s e  t o .b e  enhanced so th a t  g r e a t e r  u se
oo
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' can be made of the catalogue information.
By c a r r y i n g  o u t  problem s p e c i f i c a t i o n  i n  foregr ou n d  mode and 
r e l e g a t i n g  th e  g e n e r a t i o n  o f  th e  com p le te  program to  background  
mode, th e  COBOL g e n e r a t i n g  sy s te m  c o n t r i b u t e s  to  th e  e f f e c t i v e  u s e  
o f  computer r e s o u r c e s .  The s e g m e n t a t io n  o f  th e  problem s p e c i f y i n g  
d i a l o g u e  i n t o  s e p a r a t e  s t a g e s ^  each  d e a l i n g  w i t h  a d i f f e r e n t  
a s p e c t  o f  th e  r e p o r t  s p e c i f i c a t i o n  and c o n s i s t i n g  o f  one o r  more 
m acros ,  c o n t r i b u t e s  to  th e  e a s e  w i th  which th e  s y s te m  can be  
m a in t a in e d  and en h an ced .  A d d i t i o n a l  f e a t u r e s  can be im plemented  
by i n s e r t i n g  more s t a g e s  i n  th e  d i a l o g u e  a n d / o r  more macros  i n  th e  
c h a i n .
The p r o c e s s i n g  d e s c r i b e d  f o r  t h e  COBOL g e n e r a t i n g  macros  and 
th e  m a n u a l ly  f a b r i c a t e d  program show t h a t  s y n t a c t i c a l l y  c o r r e c t  
COBOL can be g e n e r a t e d  which w i l l  produce th e  r e p o r t  r e q u e s t e d  i n  
th e  problem s p e c i f y i n g  d i a l o g u e .
The COBOL r ep o rt  program g e n e r a t in g  system  i s  la r g e  and 
r e l i e s  h e a v i ly  on the  use  o f  the  PG/2 macro p r o c esso r  s u b f i l e s  fo r  
the  s to r a g e  q f  m acros, i n s t r u c t i o n a l  t e x t ,  common d a ta , th e  
gen erated  prqgram and the c a ta lo g u e  o f  f i l e  d e s c r i p t i o n s .  The 
e x t e n s iv e  v a l id a t io n  o f  the  u s e r ’s  r esp o n ses  and the  r e l a t i v e l y  
low l e v e l  language o f  the  macro p ro cesso r  are  f a c t o r s  which  
c o n tr ib u te  to  the volume o f  cod in g  req u ired  to  implement th e  
m acros. The r e l a t i v e l y  poor d ia g n o s t ic  f a c i l i t i e s  o f  the  macro 
p ro c esso r  ( 4 .8 )  tend to in c r e a s e  the  time req u ired  to  d ev e lo p  the  
la r g e  macros. The i n e f f i c i e n t  im plem entation  o f  the m acro-tim e  
s ta te m e n ts  fo r  a c c e s s in g  the s u b f i l e  record s  ( 4 . 8 . 2 )  makes the  
developed macros 'p e r ip h e r a l  l i m i t e d ' ,  w h ile  the la c k  o f  th e  s ta c k
emptying f a c i l i t y  ( 4 . 8 . 1 )  p re c lu d e s  th e  com plete development o f
-  '  ■ 
the  system  beyond the  fo u rth  s ta g e  o f  the problem s p e c i f y i n g
d i a l o g u e .  '
The q u a l i t y  o f  the  g en era ted  code compares fa v o u ra b ly  w ith
oo
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hand  coded  p ro g ra m s  a l t h o u g h  t h e r e  i s  s t i l l  some s c o p e  f o r  
im p r o v e m e n t .  Many o f  t h e  g e n e r a t e d  COBOL s t a t e m e n t s  o c c u p y  two 
l i n e s  o f  c o d i n g  a l t h o u g h ,  i f  han d  c o d e d ,  t h e y  r e q u i r e  o n l y  o n e .  
T h i s  i s  b e c a u s e  i n  t h e  g e n e r a t e d  s t a t e m e n t s  s p a c e  i s  a l w a y s  
a l l o w e d  f o r  d a t a  names t o  c o n s i s t  o f  c h a r a c t e r s ,  t h e  maximum 
p e r m i t t e d .  The s p e e d  and  e f f i c i e n c y  o f  t h e  COBOL c o m p i l e r  more 
t h a n  c o m p e n s a t e s  f o r  t h e  a d d i t i o n a l  m a c r o - t i m e  s t a t e m e n t s  w h ic h  
w o u ld  be  r e q u i r e d  t o  im p ro v e  t h e  e l e g a n c e  o f  t h e  g e n e r a t e d  code  
i n  t h i s  r e s p e c t .
I t  would be p o s s i b l e  t o  amend t h e  g e n e r a t i o n , s t r a t e g y  t o  
o p t i m i s e  c e r t a i n  a s p e c t s  o f  t h e  g e n e r a t e d  p r o g r a m .  Some e x a m p le s  
o f  w here  t h i s  can  be  done a r e  g i v e n  b e l o w .
At p r e s e n t  t h e  s t a t e m e n t s  f o r  s e t t i n g  up t h e  r u n  t i m e  and  
d a t e  i t e m s  ZTIME a n d  ZDATE a r e  a l w a y s  g e n e r a t e d  even  i f  t h e s e  
i t e m s  do n o t  a p p e a r  i n  t h e  p r i n t e d  r e p o r t .  S i m i l a r l y  t h e  p a g e  
number  i t e m  Z-PAGE-COUNT i s  g e n e r a t e d  and  i n c r e m e n t e d  even  when 
t h e  r e p o r t  p a g e s  a r e  u n n u m b e re d .  T h ese  p ro g ra m  i n e f f i c i e n c i e s  can  
be  e l i m i n a t e d  by m a k ing  t h e  g e n e r a t i o n  o f  t h e  COBOL s t a t e m e n t s  
c o n d i t i o n a l  on g l o b a l  v a r i a b l e  i n d i c a t o r s  s e t  d u r i n g  t h e  p r o b l e m  
s p e c i f y i n g  d i a l o g u e .
The s t a t e m e n t s  w h ich  d e f i n e  and  p r o c e s s  t h e  Z-IGNORE d a t a  
i t e m  a r e  a l s o  g e n e r a t e d  u n c o n d i t i o n a l l y .  I d e a l l y ,  t h e y  s h o u l d  be  
g e n e r a t e d  o n l y  i f  t h e  u s e r  c h o s e  t o  i g n o r e  d a t a  b a s e  
i n c o n s i s t e n c i e s  i n  S t a g e  6 o f  t h e  p r o b l e m  s p e c i f y i n g  d i a l o g u e ,
i . e .  i f  g l o b a l  y ^ a r i a b l e  ;f60 PT was s e t  e q u a l  t o  1 .
A n o t h e r  p a r t  o f  t h e  COBOL ,p ro g ra m  w h ich  m e r i t s  f u r t h e r  s t u d y  
i s  t h e  u s e  o f  t h e  Z-CONTROL-BREAK g r o u p .  As t h i s  g r o u p  d u p l i c a t e s  
t h e  s e q u e n c e  k e y  i t e m s  i n  t h e  Z-TUPLE g r o u p ,  a n  i n v e s t i g a t i o n  i n t o  
t h e  a d v a n t a g e s  o f  m a k ing  Z-CONTOL-BREAK a s u b g r o u p  o f  t h e  Z-TUPLE 
g r o u p  would  be w o r t h w h i l e .
The s t r a t e g y  a d o p t e d  i n  t h e  Z-FETCH-TUPLE s e c t i o n  o f  t h e
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COBOL program f o r  m a tc h in g  seq u en ce  k e y s  o f  n o n -m a ster  i n p u t  f i l e s  
r e l i e s  on th e  u s e  o f  th e  RETAIN o p t i o n  o f  th e  CLOSE v e r b .  The 
RETAIN o p t i o h  i s  n o t  a v a i l a b l e  f o r  u s e  w i th  f i l e s  on ca rd s  or  
paper  t a p e ,  but  t h e r e  i s  no check  to  p r e v e n t  such an e r r o r  b e i n g  
g e n e r a t e d .  A t tem p ts  to  u s e  i n p u t  f i l e s  on c a r d s  or  paper  ta p e  can 
be d e t e c t e d  i n  the  STAGE3-1 macro o f  th e  problem s p e c i f y i n g  
d i a l o g u e .  A d d i t i o n a l  v a l i d a  t o r y  s t e p s  can be p r o v id e d  when th e  
c h e c k s  f o r  data  b a s e  i n c o n s i s t e n c i e s  a r e  made.
The e f f e c t i v e n e s s  o f  the  COBOL g e n e r a t in g  system  can be 
f u l l y  a p p ra ised  o n ly  when a com plete  o p e r a t io n a l  system  i s  





8 . 1  INTRODUCTION
I n  t h i s  c h a p t e r  t h e  v a r i o u s  a s p e c t s  o f  d i a l o g u e  b a s e d  COBOL 
r e p o r t  program g e n e r a t i o n  a r e  a p p r a i s e d .  A reas  which  can be  
improved  o r  m e r i t  f u r t h e r  s t u d y  a r e  i d e n t i f i e d  and c o n c l u s i o n s  
a r e  drawn. The m a t e r i a l  i s  p r e s e n t e d  under t h e  f o l l o w i n g  
h e a d i n g s :
1 .  R e l a t i o n a l  v i e w  o f  th e  d a t a .
2 . S e c u r i t y  p r o c e d u r e s .
3* U s e r *6 ap p roach  to  th e  s y s t e m .
4 .  I n s t r u c t i o n a l  t e x t .
3 .  M agnitude o f  th e  COBOL g e n e r a t i n g  s y s t e m .
6 . The g e n e r a t e d  COBOL program.
7 .  Towards more e f f e c t i v e  computer u s a g e .
8 . A s p e c t s  f o r  f u r t h e r  s t u d y .
9* C o n c lu d in g  summary.
8 . 2  RELATIONAL VIEW OF THE DATA
( 2 )  The s y s t e m  d e s c r i b e d  i n  C hap ters  6 and 7 h as  t h e  a d v a n ta g e
o f  b e i n g  a b l e  to  p r e s e n t  t h e  u s e r  w i t h  a r e l a t i o n a l  v i e w  o f  h i s
data a t  t h e  u s e r  i n t e r f a c e .  No knowledge o r  u n d e r s t a n d i n g  o f  t h e
p h y s i c a l  o r g a n i s a t i o n  o f  t h e  data  i s  r e q u i r e d  o f  t h e  u s e r ,  he  has  
o n l y  t o  v i s u a l i z e  i t  i n  t a b u l a r  form.
The COBOL g e n e r a t i n g  s y s te m  makes u s e  o f  f l a t  data  f i l e s  
w hich  a l r e a d y  e x i s t  and were n o t  s p e c i f i c a l l y  d e s i g n e d  f o r  u s e  i n  
a r e l a t i o n a l  data  b a s e .  Each f i l e  i s  c o n s i d e r e d  t o  be  a r e l a t i o n  
and each  f i e l d  w i t h i n  t h e  f i l e  t o  be  a domain.  S e v e r a l  r e l a t i o n s  
may be j o i n e d  t o  p r o v i d e  t h e  data b a s e  submodel  r e q u i r e d  f o r  t h e
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s o l u t i o n  o f  th e  u s e r ' s  problem ( 3 . 3 ) .  Only s e q u e n c e  k e y  f i e l d s  
may ap p ear  i n  more than  one r e l a t i o n .  I f  more th an  one data f i l e  
i s  u s e d  to  s o l v e  a p rob lem ,  t h e  g e n e r a t i n g  s y s t e m  e n s u r e s  t h a t  
t h e  names o f  a l l  n o n -k e y  f i e l d s  w i l l  be u n iq u e  when t h e y  a r e  
l i s t e d  p r i o r  t o  problem s p e c i f i c a t i o n  ( 6 . 4 . 2 ) .
8 .3  SECURITY PROCEDURES
U s e r  a c c e s s  t o  t h e  data  i s  c o n t r o l l e d .  The data  i n  t h e  data  
b a s e  i s  p r o t e c t e d  by means o f  r e l a t i o n  names each  w i t h  a s e t  o f  
m u l t i - l e v e l  p assw ord s  ( 6 . 3 * 1 ) .  Thus each  u s e r  need  o n l y  be  aware  
^22 o f  3 submodel o f  t h e  data b a s e  and d i f f e r e n t  u s e r s  may have
d i f f e r e n t  v i e w s  o f  i t  d ep en d in g  on th e  r e l a t i o n  p a ssw o rd s  
a l l o c a t e d  t o  them by t h e  data  b a s e  a d m i n i s t r a t o r .  The s e c u r i t y  
s y s t e m  p r o t e c t s  t h e  c a s u a l  u s e r  from b e i n g  overwhelm ed by a l a r g e  
volume o f  s u p e r f l u o u s  data  and a t  t h e  same t im e  r e s t r i c t s  a c c e s s  
to  s e n s i t i v e  d a t a .
As t h e  f i l e s  u s e d  by  t h e  COBOL r e p o r t  program g e n e r a t i n g  
s y s t e m  a r e  c r e a t e d  and m a in t a in e d  by o t h e r  s y s t e m s ,  i t  i s  assumed  
t h a t  t h e y  e n s u r e  t h e  i n t e g r i t y  o f  t h e  data and p r o v i d e  a d e q u a t e  
'back  u p '  s h o u l d  a f i l e  become c o r r u p t e d .  The i n t e g r i t y  o f  t h e  
c a t a l o g u e  o f  f i l e  d e s c r i p t i o n s  i s  t h e  r e s p o n s i b i l i t y  o f  t h e  data  
b a s e  a d m i n i s t r a t o r .  At p r e s e n t  t h e  g e n e r a t i n g  s y s t e m  r e l i e s  on 
t h e  s t a n d a r d  f i l e  dumping p r o c e d u r e s  o f  t h è  computer  i n s t a l l a t i o n  
f o r  t h e  r e c o v e r y  o f  th e  c a t a l o g u e  and macro d e f i n i t i o n  s u b f i l e s  i n  
t h e  e v e n t  o f  a f a i l u r e .  T h is  approach  i s  i n a d e q u a t e  f o r  an  
o p e r a t i o n a l  s y s t e m ,  e s p e c i a l l y  i f  i t s  f a c i l i t i e s  a r e  e x t e n d e d  to  
p e r m i t  t h e  u p d a t i n g  o f  data  f i l e s .  The d e s i g n  and im p l e m e n t a t i o n  
o f  a d d i t i o n a l  f e a t u r e s  t o  m a in t a in  t h e  i n t e g r i t y  o f  t h e  s y s t e m  
and t h e  data b a s e  s h o u l d  form p a r t  o f  an y  f u t u r e  e x t e n s i o n s  o f
O
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th is  work.
: 8.4 USER'S APPROACH TO THE SYSTEM
r B e fo r e  e n g a g in g  i n  th e  problem s p e c i f y i n g  d i a l o g u e  t h e  u s e r  
must have i d e n t i f i e d  h i s  problem and know what data i s  r e q u i r e d  to  
s o l v e  i t .  He s h o u l d  a l s o  have an o u t l i n e  id e a  o f  th e  format  i n  
which  he w i s h e s  th e  r e p o r t  c o n t a i n i n g  th e  an sw er s  to  h i s  problem  
t o  be p r e s e n t e d .
A previous user of the system w ill already have been 
supplied with the relation names and passwords which define the 
bounds of his data base. A f ir s t  time user w ill  need to consult 
the data base administrator in order to find out these d eta ils .
Although the problem specifying dialogue attempts to be 
self-teaching there i s  a great deal for the f ir s t  time user to 
assim ilate. In order to demonstrate the potential of the COBOL 
report program generating system and to complement the 
instructional aspects «of the dialoge, an introductory booklet 
should be available to each f ir s t  time user. The booklet should 
be based on the material in Section 5*9 of this thesis , and should 
contain a description of the model problem, details  of the data 
(2) base and i t s  temporary extensions, an outline of the required
report format, a l i s t in g  of the problem specifying dialogue and 
samples of report output produced by the generated COBOL program.
Another aspect of 'getting to know and use' the system i s  the 
accuracy with which errors in the user's responses are detected 
and the ease with which they.can be corrected. As a l l  the user's  
responses are validated a considerable portion of the macro-time 
statements in each problem specifying macro are devoted to 
validation processing. When an error i s  detected a meaningful 
error message i s  output and the user i s  prompted to enter an 
amended response. The 'help* f a c i l i ty  has an important role to
oo
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p l a y  i n  t h i s  r e s p e c t .  I n  c i r c u m s t a n c e s  w here  t h e  u s e r ' s  t e r m i n a l  
d o e s  n o t  proGuce ' h a r d  c o p y '  i t  may be  a d v a n t a g e o u s  t o  ' j o u r n a l '  
t h e  c o n v e r s a t i o n  so t h a t  i t  c a n  be  a v a i l a b l e  f o r  s t u d y .
8 . 3  INSTRUCTIONAL TEXT
W h i l s t  t h e  t e x t  i l l u s t r a t e d  i n  A p p e n d ix  IX d e m o n s t r a t e s  t h a t  
i t  i s  f e a s i b l e  t o  d e v i s e  i n s t r u c t i o n a l  t e x t  w h ich  p r o m p t s  t h e  
c a s u a l  u s e r  t o  s p e c i f y  h i s  r e q u e s t  f o r  a r e p o r t ,  t h e  e f f i c a c y  o f  
t h e  i n s t r u c t i o n a l  t e x t  r e q u i r e s  f u r t h e r  a s s e s s m e n t .
I n  o r d e r  t o  make a q u a l i t a t i v e  a s s e s s m e n t  o f  t h e  
i n s t r u c t i o n a l  t e x t ,  t h e  d i a l o g u e s  w i t h  n um be rs  o f  u s e r s ,  whose 
r e q u e s t s  f o r  a r e p o r t  c o v e r  a w ide  s p e c t r u m  o f  a p p l i c a t i o n s ,  
s h o u l d  be  a n a l y s e d .  T h i s  u n d e r l i n e s  t h e  n e e d  f o r  a n  o p e r a t i o n a l  
s y s t e m  a s  a b a s i s  f o r  f u r t h e r  r e s e a r c h .
U s e r s '  comments:
The comments e n t e r e d  by  u s e r s  a t  t h e  c o n c l u s i o n  o f  t h e  
p r o b l e m  s p e c i f y i n g  d i a l o g u e  would  p r o v i d e  one s o u r c e  o f  a s s e s s m e n t  
d a t a .
A n a l y s i s  o f  e r r o r s :
More r e v e a l i n g ,  p e r h a p s ,  w ou ld  be  t h e  u s e r  r e s p o n s e s  t o  
d i a l o g u e  p ro m p t s  w h i c h ,  when v a l i d a t e d ,  c a u s e  e r r o r  m e s s a g e s  t o  be  
o u t p u t .  These  would  s e r v e  t o  h i g h l i g h t  t h e  l e s s  e f f e c t i v e  s t a g e s  
o f  t h e  i n s t r u c t i o n a l  t e x t . The d i a l o g u e  s t a g e s  w here  t h e  u s e r  h a s  
t o  e n t e r  o t h e r  t h a n  s i n g l e  c h a r a c t e r  r e s p o n s e s  a r e  e x p e c t e d  t o  
y i e l d  t h e  mos t  i n f o r m a t i o n ,  e . g .  c o n d i t i o n  s p e c i f i c a t i o n ,  e d i t i n g ,  
l i n e  f o r m a t s  an d  own code  s t a t e m e n t s .
{
C a l l s  f o r  ' h e l p ' :
. , A n o t h e r  p o s s i b l e  s o u r c e  o f  m a t e r i a l  f o r  a s s e s s i n g  t h e
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e f f e c t i v e n e s s  o f  t h e  i n s t r u c t i o n a l  t e x t  i s  t h e  HELP m a c r o .  T h i s  
c o u l d  be e n h a n c e d  t o  i n c l u d e  a f a c i l i t y  f o r  l o g g i n g  d e t a i l s  o f  t h e  
d i a l o g u e  s t a g e  f rom w h ich  t h e  macro  was c a l l e d  a n d  t h e  h e l p  o p t i o n  
s e l e c t e d .
S ys tem  f a m i l i a r i t y :
As a u s e r  becom es  more f a m i l i a r  w i t h  t h e  i n s t r u c t i o n a l  t e x t  
i t  i s  l i k e l y  t h a t  he  w i l l  n o t  w i s h  t o  w a s t e  v a l u a b l e  t i m e  w a i t i n g  
f o r  a l l  o f  i t  t o  b e  o u t p u t  on h i s  t e r m i n a l  e a c h  t i m e  he  s p e c i f i e s  
a r e q u e s t  f o r  a r e p o r t .  T h i s  i s  e s p e c i a l l y  t r u e  i f  t h e  u s e r  i s  
w o r k i n g  a t  a t e l e t y p e  t e r m i n a l ,  b u t  i t  can  s t i l l  p r o v e  i r r i t a t i n g  
w i t h  a f a s t e r  p e r i p h e r a l .
Macro p r o c e s s o r  f a c i l i t i e s  f o r  s u p p r e s s i n g  a l l  o r  s e l e c t e d  
p a r t s  o f  t h e  i n s t r u c t i o n a l  t e x t  a l r e a d y  e x i s t  i n  t h e  fo rm  o f  t h e  
%QUIET an d  %TALK s y s t e m  commands and  i n  t h e  V/RITEOFF an d  WPITEON 
m a c r o - t i m e  s t a t e m e n t s  (A p p e n d ix  I ) .  A d e s c r i p t i o n  o f  how t o  u s e  
t h e s e  s y s t e m  commands c an  r e a d i l y  be  i n c o r p o r a t e d  i n  t h e  
i n s t r u c t i o n s  t o  t h e  u s e r  i n  S t a g e  1 o f  t h e  p r o b l e m  s p e c i f y i n g  
d i a l o g u e .  The m a c r o s  f o r  t h e  v a r i o u s  p r o b le m  s p e c i f y i n g  s t a g e s  
a r e  e a s i l y  amended t o  i n c o r p o r a t e  WRITEON m a c r o - t i m e  s t a t e m e n t s .  
T h es e  a r e  u s e d  t o  o v e r r i d e  t h e  %OUIET s y s t e m  command a n d  f o r c e  
t h e  d i a l o g u e  b a c k  i n t o  ' t a l k *  mode so t h a t  r e q u e s t s  f o r  
i n f o r m a t i o n  an d  e r r o r  m e s s a g e s  a p p e a r  on t h e  u s e r ' s  t e r m i n a l .
8 . 6  MAGNITUDE OF THE COBOL GENERATING SYSTEM
The m a c r o s  w h ich  c r e a t e  an d  m a i n t a i n  t h e  CATALOGUE s u b f i l e  
c o n t a i n i n g  t h e  d a t a  b a s e  f i l e  d e s c r i p t i o n s  h a v e  b e e n  d e v e l o p e d  
an d  t h e i r  l i s t i n g s  a r e  a v a i l a b l e  i n  t h e  s e p a r a t e  f o l d e r .
E x c l u d i n g  com m ents ,  a p p r o x i m a t e l y  800 m a c r o - t i m e  s t a t e m e n t s  w e re  
r e q u i r e d  t o  code  t h e s e  m a c r o s .
C o d in g  d e t a i l s  f o r  t h e  m a c r o s  o f  t h e  f i r s t  e i g h t  s t a g e s  o f
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t h e  p r o b l e m  s p e c i f y i n g  d i a l o g u e  a r e  a l s o  a v a i l a b l e  i n  t h e  s e p a r a t e  
f o l d e r ,  b u t  t h e  d e v e l o p m e n t  o f  m a c r o s  beyond  STAGE3 i s  i n c o m p l e t e .  
Some 2100  m a c r o - t i m e  s t a t e m e n t s ,  e x c l u d i n g  com m ents ,  were  u s e d  to  
co d e  t h e s e  m a c r o s .  I t  i s  e s t i m a t e d  t h a t  t h e  c o d i n g  n e e d e d  t o  
i m p l e m e n t  t h e  m a c r o s  f o r  a l l  s t a g e s  o f  t h e  p r o b l e m  s p e c i f y i n g  
d i a l o g u e  would  e x t e n d  t o  b e t w e e n  ^ 0 0 0  and  5500  m a c r o - t i m e  
s t a t e m e n t s .
The m a c ro s  w h ic h  g e n e r a t e  t h e  c o m p l e t e  COBOL p ro g ra m  from 
t h e  common d a t a  s u b f i l e s  and  t h e  ' g r o w n ' m a c r o s  w o u ld ,  i t  i s  
e s t i m a t e d ,  r e q u i r e  a f u r t h e r  900 t o  1000 m a c r o - t i m e  s t a t e m e n t s .
The e x p e r i e n c e  g a i n e d  w h i l e  d e v e l o p i n g  m a c r o s  f o r  t h e  s y s t e m  
showed  t h a t ,  a l t h o u g h  t h e  macro p r o c e s s o r  l a n g u a g e  i s  v e r y  
s u i t a b l e  f o r  g e n e r a t i n g  COBOL s t a t e m e n t s ,  i t  i s  a t  r a t h e r  to o  low 
a l e v e l  f o r  r e s p o n s e  v a l i d a t i o n  o r  f o r  a c c e s s i n g  t h e  c o n t e n t s  o f  
f i e l d s  w i t h i n  s u b f i l e  r e c o r d s .  F o r  e x a m p le ,  h i g h e r  l e v e l  l a n g u a g e  
f e a t u r e s  s i m i l a r  t o  t h e  F r e e  f o r m a t  READ o f  c e r t a i n  FORTRAN 
d i a l e c t s  o r  t h e  COBOL CLASS C o n d i t i o n  t e s t  f o r  i d e n t i f y i n g  n u m e r i c  
a n d  a l p h a b e t i c  s t r i n g s  would  f a c i l i t a t e  t h e  c o d i n g  o f  m a c r o s .
As d e s c r i b e d  i n  S e c t i o n  7 - 3  t h e  COBOL re " p o r t  p r o g r a m  
g e n e r a t i n g  s y s t e m  r e l i e s  h e a v i l y  on t h e  PG/2 macro  p r o c e s s o r  
f i l i n g  s y s t e m  f o r  t h e  s t o r a g e  o f  a l a r g e  number  o f  macro  
d e f i n i t i o n s ,  t e x t  and  common d a t a  s u b f i l e s .  T h i s  e x t e n s i v e  u s e  
o f  d i s c  s t o r a g e  t e n d s  t o  make t h e  g e n e r a t i n g ,  s y s t e m  ’p e r i p h e r a l  
l i m i t e d ’ ( 7 *2 9 ) .  I f  t h e  macro  p r o c e s s o r  l a n g u a g e  s u p p o r t e d  a r r a y  
t y p e  v a r i a b l e s ,  t h e  u s e  o f  s u b s c r i p t s  would  e n a b l e  t h e  number  o f  . 
common d a t a  f i l e s  t o  be r e d u c e d .
The COBOL g e n e r a t i n g  s y s t e m  d o e s ,  h o w e v e r ,  d e m o n s t r a t e  t h a t  
good  COBOL c o d e _ f o r  s o l v i n g  t h e  u s e r ’s  p r o b l e m  can  be  g e n e r a t e d  
f rom  t h e  i n f o r m a t i o n  e n t e r e d  by  t h e  u s e r  d u r i n g  a ,  a l b e i t  l e n g t h y ,  
c o m p u t e r  d o m i n a t e d  d i a l o g u e .
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8 .7  t h e  g e n e r a t e d  COBOL PROGRAM
A lth o u g h  t h e  impro'vements i d e n t i f i e d  d u r in g  th e  F i l e t a b  to  
COBOL t r a n s l a t i o n  s t u d y  (3*7 )  were i n c o r p o r a t e d  i n  th e  d e s i g n  o f  
th e  g e n e r a t e d  COBOL r e p o r t  program, t h e r e  i s  s t i l l  some s c o p e  to  
make f u r t h e r  im provem ents ,  i n  o rd er  to  make i t  comparable  w i t h  the  
b e s t  hand coded program ( 7 - 2 9 ) •
I t  seems l i k e l y  t h a t  w i th  f u r t h e r  work i t  would  be p o s s i b l e  
to  r e v i s e  and amend th e  g e n e r a t i o n  s t r a t e g y  to  o p t i m i s e  th e  
g e n e r a t e d  COBOL r e p o r t  program. The g e n e r a t i o n  p r o c e s s  c o u ld  
a l s o  be g e n e r a l i s e d  to  cope w i t h  o t h e r  p ro b lem s .
8 . 8  TOWARDS MORE EFFECTIVE COMPUTER USAGE
Assuming t h a t  a l l  t h e  im p le m e n ta t io n  prob lem s  a s s o c i a t e d  
w it h  t h e  PG/2 macro p r o c e s s o r  ( 4 . 8 )  can be r e s o l v e d ,  i t  i s  
e s t i m a t e d  t h a t ,  u s i n g  th e  COBOL r e p o r t  program g e n e r a t i n g  s y s t e m ,  
a c a s u a l  u s e r  would r e q u i r e  a t e r m i n a l  s e s s i o n  o f  b e tw een  3 snd 4 
h ou rs  to  s p e c i f y  t h e  model problem d e s c r i b e d  i n  S e c t i o n  3* 9 -  The 
e s t i m a t e  i s  b a s ed  on th e  l e n g t h  o f  th e  problem s p e c i f y i n g  
d i a l o g u e ,  which  i s  assumed to  be conducted  on a t e l e t y p e  c a p a b le  
o f  p r i n t i n g  a t  10 c h a r a c t e r s  per  s e c o n d ,  w i t h  due a l l o w a n c e  f o r  
' t h i n k i n g  t i m e ! .  With a f a s t e r  t e r m i n a l ,  t h e  t im e  r e q u i r e d  to  
o u t p u t  t h e  i n s t r u c t i o n a l  t e x t  would be s i g n i f i c a n t l y  r e d u c e d ,  s a y  
by a f a c t o r  o f  3 or 4 .
In o r d e r  to  a s s e s s  th e  c o n t r i b u t i o n  t h a t  th e  COBOL 
g e n e r a t i n g  s y s t e m  c o u ld  make towards  more e f f e c t i v e  computer  
u s a g e ,  co m p a r is o n s  of. th e  man hours  r e q u i r e d  to  produce  a s i m i l a r  
r e p o r t  u s i n g  o t h e r  s o f t w a r e  s y s t e m s  sh ould  be made.  I d e a l l y  th e  
co m p a r is o n s  s h o u l d  i n c l u d e  th e  u s e  o f  o t h e r  r e p o r t  g e n e r a t o r s  
such  a s ’F i l e t a b  a s  w e l l  a s  th e  development  o f  hand coded  COBOL 
programs.
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I n v e s t i g a t io n s  c a r r ie d  out by C hrysler  [21 ]  in to  program 
development tim es s u g g e s t  th a t  th e se  depend on the  e x p er ien ce  o f  
th e  programmer and c e r t a in  program c h a r a c t e r i s t i c s ,  p a r t i c u l a r l y  
th o se  a s s o c ia t e d  w ith  the number and co m p lex ity  o f  the f i l e s  used;  
These f in d in g s  are corrob orated  by the e s t im a t in g  procedures  
c u r r e n t ly  in  use by a Software house [ 2 2 ] ,  These e s t im a t in g  
procedures take in t o  accou nt the d i f f i c u l t y  o f  th e  problem, th e
e s t im a te d  si%e o f  th e  COBOL Procedure d i v i s i o n  (e x c lu d in g
paragraph and s e c t i o n  names) and the  number o f  f i l e s  used by the
program. Th^s in fo rm a tio n  i s  uged in  a s e t  o f  c o n f i d e n t i a l
formulae to  p r e d ic t  th e  number o f  hours an average  programmer 
would take to f lo w c h a r t ,  cod e , t e s t  and document a program.
The model problem ( 3 . 9 )  u s e s  th ree  in p u t f i l e s  and one  
output f i l e  and was a s s e s s e d  to  be o f  average d i f f i c u l t y .  In 
order  to take accou n t o f  the p o t e n t i a l  improvements noted  in  
S e c t io n  7 .2 9 ,  i t  was assumed th a t  the hand coded Procedure  
d i v i s i o n  would be o n ly  o f  the s i z e  o f  the gen erated  one 
(Appendix X). This data used in  the  above mentioned formulae  
y ie ld e d  a f ig u r e  o f  58 programmer h ou rs , e x c lu d in g  docum entation  
t im e , a s  the  e s t im a te d  development tim e fo r  a COBOL program to
( 2 )  s o lv e  the  model problem.
Not o n ly  does the  COBOL r e p o r t  g e n e ra t in g  system  show 
c o n s id e r a b le  p o t e n t i a l  fo r  a s a v in g  o f  man h o u rs ,  which cou ld  be 
o f  the order  o f  93? ,^ i t  a l lo w s  th e  same ta sk  to  be a c h ie v ed  by a 
person w ith  much l e s s  t e c h n ic a l  s k i l l  and t r a i n i n g .  A s k i l l e d  
u ser  w ith  an up to date  v id eo  term in a l would be a b le  to  make even  
more e f f e c t i v e  use o f  the sy stem , fo r  he would be a b le  to  d isp e n se  
w ith  much o f  the i n s t r u c t i o n a l  t e x t  and c o n c en tr a te  on th e  problem  
s p e c i f y in g  d ia lo g u e .  With e f f e c t i v e  respon se  v a l i d a t i o n ,  r o u t in e  
t e s t i n g  and r e w r i t in g  to  remove ^ o v e r s ig h t s ' would be v i r t u a l l y  
e l im in a te d .
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The use o f  the COBOL g e n e r a t in g  system would in f lu e n c e  
program m aintenance. I t  would be p o s s ib le  to  extend the system  so 
th a t  im portant p a r ts  o f  th e  d ia lo g u e  are f i l e d ,  f a c i l i t i e s  cou ld  
then be provided fo r  the  u ser  to  vary the d ia lo g u e  a s  i t  was 
re lo a d ed  and then the amended program could  be g en era ted .
Another a p p l i c a t io n  o f  the  COBOL g e n e ra t in g  system  would be 
to  adapt i t  so th a t  i t  gen era ted  programs in  the  COBOL d i a l e c t  
used  in  a micro computer. Thus in ex p e r ie n c ed  u s e r s  could  g en era te  
t h e i r  COBOL programs on the mainframe computer and t r a n s f e r  the  
source  code to  the  micro computer fo r  c o m p ila t io n  and e x e c u t io n .
When a f u l l y  o p e r a t io n a l  v e r s io n  o f  the COBOL rep o rt  
g e n e r a t in g  system  has been d ev e lo p ed , th ere  i s  scope fo r  g a th e r in g  
data to  i n v e s t i g a t e  sa v in g s  in  the use  o f  computer r e s o u r c e s .  The 
term in a l connect time and CPU or ' m i l l '  time usage req u ired  to  
g en era te  a COBOL rep o r t  program can be compared w ith  th o se  
req u ired  to d evelop  a hand coded COBOL program to  produce th e  same 
r e p o r t .  The prod u ct ion  run time s t a t i s t i c s  fo r  th e  g en era ted  and 
hand coded programs can a l s o  be compared.
8.9 ASPECTS FOR FURTHER STUDY
C 3  The^  a s p e c t s  fo r  fu r th e r  s tu d y  f a l l  under s i x  main h ea d in g s:
1 . Those r e l a t e d  to the PG/2 macro p r o c e s s o r .
2 .  Thq e x te n s io n  o f  f a c i l i t i e s  o f f e r e d  during th e  r e p o r t  
r e q u e s t in g  stjages.
3* Th^ e x te n s io n  o f  the  tech n iq u e  to o th e r  in fo rm a tio n  
p r o c e s s in g  problem s. *
4 .  The b e n e f i t  to  the  s k i l l e d  u s e r .  ;
3 .  C o n s id era t io n  o f  a l t e r n a t i v e  h o s t  computers and
la n g u a g es ..
6 .  Other a p p l i c a t i o n s .
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8.9*1 PG/2 macro processor
In a d d it io n  to th e  p r o v is io n  o f  the s ta c k  emptying f a c i l i t y  
and im proving a c c e s s  to  s u b f i l e  reco rd s  a s  d i s c u s s e d  in  S e c t io n  
4 . 8 ,  some o th er  a s p e c t s  o f  the PG/2 macro p r o c e s so r  m er it  fu r th e r  
s tu d y .
F i r s t  th ere  i s  a need to co n s id e r  the p r o v is io n  o f  b e t t e r  
d ia g n o s t i c  f a c i l i t i e s  during the development o f  macro d e f i n i t i o n s .  
At p r esen t  err o r s  in  macros are  in d ic a te d  by th e  output o f  
m essages in  the form ’ERROR NO. nn' (Appendix I S e c t io n  9 ) .  As 
th er e  i s  no in d ic a t io n  a s  to which s ta tem en t the message r e f e r s ,  
i t  i s  o f t e n  d i f f i c u l t  to  i d e n t i f y ,  e s p e c i a l l y  in  la r g e  macro 
d e f i n i t i o n s .
I f  an error  occu rs  during the  ex ec u t io n  o f  a macro i t  would 
a l s o  be advantageous fo r  the  u ser  to  be a b le  to  req u e s t  th e  output  
o f  l o c a l ,  g lo b a l  and s t r i n g  v a r i a b l e s .  A tr a c e -b a ck  f a c i l i t y  
would a l s o  h e lp  to  determ ine how fa r  the macro e v a lu a t io n  had 
p roceeded .
The f a c i l i t y  to  ’grow' macro d e f i n i t i o n s  i s  another  a s p e c t  
o f  the  PG/2 macro p ro c esso r  which m e r its  fu r th e r  s tu d y .  Only  
/  r e l a t i v e l y  s ip p l e  macros were 'grown' during the  i n v e s t i g a t i o n s  
( 2 )  in t o  the  g e n e ra t io n  o f  COBOL programs. There i s ,  however, scop e
fo r  examining the problems o f  ^growing* more com p lica ted  macro 
d e f i n i t i o n s ,  e s p e c i a l l y  th o se  which co n ta in  argum ents, CHAIN 
s ta te m e n ts  or n e s te d  c a l l s  to  o th er  macros. I f  such a s tu d y  
e s t a b l i s h e d  the f e a s i b i l i t y  o f  'grow ing' macros c o n ta in in g , CHAIN 
' s ta te m e n ts ,  th ere  i s  p o t e n t i a l  fo r  improving th e  e f f i c i e n c y  o f  the  
the  th ir d  phase o f  the system  which g en e ra te s  the com plete  COBOL 
program. The lo a d in g  o f  'grown' macros w ith  empty b o d ie s  cou ld  be 
g r e a t ly  reduced .
As the  PG/2 macro p r o c esso r  i s  machine dependent th e  u se  o f
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o th er  lan gu ages  fo r  COBOL g e n e ra t io n  i s  b r i e f l y  co n s id ered  in  
S e c t io n  8 . 9 . 3 .
8 .9 * 2  E xten sion  o f  f a c i l i t i e s  o f f e r e d  during th e  rep o rt  
r e q u e s t in g  d ia lo g u e
In a d d it io n  to  th e  f a c i l i t i e s  a lr ea d y  proposed but n o t  y e t  
im plem ented, e . g .  th e  wide r e p o r t  page and the  d e f a u l t  fo rm a tt in g  
o f  r ep o r t  l i n e s ,  the  f o l lo w in g  paragraphs h i g h l ig h t  some o th e r  
p o s s ib le  e x t e n s io n s .
The 'h q lp ' f a c i l i t y  c u r r e n t ly  o f f e r s  o n ly  4 o p t io n s ,  but the  
s t r u c tu r e  o f  the HELP macro i s  such th a t  o th er  o p t io n s  can r e a d i ly  
be added. Sqme o f  th o se  which might m erit  i n c l u s i o n  are  co n s id ered  
below : ' -
1._ A ccess  to  »  g lo s s a r y  o f  t e c h n ic a l  term s, e . g .  r e l a t i o n ,  
domain, e t c .
2 .  Acqess to  the c o n te n ts  o f  the LABELTABLE s u b f i l e  in  
order to  be reminded o f  th e  l a b e l  ch a ra cter  a s s ig n e d  to  a 
p a r t i c u l a r  domain fo r  the purposes o f  format s p e c i f i c a t i o n .
3* A ccess  to  the DOMAININDEX s u b f i l e  so th a t  the u se r  can 
be reminded o f  the  s i z e  and type o f  data in  a g iv en  domain or  
( 2 )  temporary item .
4 .  To p rovide  a LIST f a c i l i t y  whereby the  u ser  may 
( p o s s i b l y  s e l e c t i v e l y )  in s p e c t  the  CATALOGUE s u b f i l e  d e f i n i t i o n s  
o f  a l l  f i l e s  and f i e l d s  to  which he has password a c c e s s .
A f a c i l i t y  to  record  th e  d e t a i l s  o f  the  u s e r ' s  com plete  
problem s p e c i f i c a t i o n  cou ld  be p ro v id ed . T his  would en ab le  minor 
changes to  be made a t  a l a t e r  date  w ithout th e  need to  r e p e a t  a l l  
th e  s t a g e s  o f  the d ia lo g u e .  I f ,  a s  d is c u s s e d  l a t e r  (6 .9 * 3  end 
8 . 9 . 4 ) ,  the program g e n e r a t in g  system  were extended and 
g e n e r a l i s e d  fo r  u se  by programmers, t h i s  f a c i l i t y  would become 
more im p ortan t. I t  would p r o v id e .a  means o f  program docum entation
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a n d  a b a s i s  f o r  p ro g ra m  m a i n t e n a n c e  and  f u t u r e  d e v e l o p m e n t .
A n o t h e r  a s p e c t  w h ich  m e r i t s  deve loprr ient  i s  t h e  e x t e n s i o n  o f  
t h e  m e th o d s  o f  f i l e  o r g a n i s a t i o n  and  d a t a  t y p e s  w h ich  can  be 
p r o c e s s e d  by  t h e  g e n e r a t e d  COBOL p r o g r a m .  At p r e s e n t  t h e r e  i s  
p r o v i s i o n  f o r  o n l y  s e q u e n t i a l l y  o r g a n i s e d  d a t a  f i l e s  whose r e c o r d s  
c o n t a i n  n u m e r i c  a n d  a l p h a n u m e r i c  c h a r a c t e r  f i e l d s  w i t h  DISPLAY 
u s a g e .  A l r e a d y  t h e  c a t a l o g u e  o f  f i l e  d e s c r i p t i o n s  i n  t h e  
CATALOGUE s u b f i l e  a n t i c i p a t e s  t h a t  d i r e c t  a c c è s  an d  i n d e x e d  
s e q u e n t i a l  f i l e s  w i l l  be  i n c l u d e d .  The i m p l e m e n t a t i o n  o f  t h i s  an d  
t h e  i n c l u s i o n  o f  o t h e r  d a t a  u s a g e s , ,  e . g .  COMPUTATIONAL, f o r  t h e  
f i e l d s  o f  i n p u t  r e c o r d s  w ou ld  e x t e n d  t h e  u s e f u l n e s s  o f  t h e  COBOL 
g e n e r a t i n g  s y s t e m .  T h e r e  i s  a l s o  p o t e n t i a l  f o r  some r e l a x a t i o n  
i n  t h e  k e y  m a t c h i n g  c r i t e r i a  im p o s e d  when t h e  u s e r  w i s h e s  t o  u s e  
more t h a n  one d a t a  f i l e  ( r e l a t i o n )  t o  s o l v e  h i s  p r o b le m  ( 6 , 4 . 2 ) .  
T h ese  e n h a n c e m e n t s  wou ld  e x t e n d  t h e  d a t a  b a s e  a v a i l a b l e  t o  t h e  
u s e r .
At p r e s e n t  t h e  p r o b l e m  s p e c i f y i n g  d i a l o g u e  d o e s  n o t  w arn  t h e  
u s e r  when a p r o b le m  domain  o r  t e m p o r a r y  i t e m  ( 6 . 6 )  i s  n e i t h e r  
r e f e r e n c e d  by  own code  s t a t e m e n t s  n o r  i n c l u d e d  i n  t h e  r e p o r t .
A ls o  t h e r e  i s  no p r o v i s i o n  f o r  d e t e c t i n g  ‘ s i z e  e r r o r s '  w h ic h  
( 2 2  r e s u l t  f rom  from t h e  t o t a l l i n g  f a c i l i t y  o r  a r i t h m e t i c  own co d e
s t a t e m e n t s .  The p r o v i s i o n  o f  a d d i t i o n a l  v a l i d a t i o n  i n  r e s p e c t  o f  
t h e s e  would  make a s m a l l  c o n t r i b u t i o n  t o w a r d s  e n s u r i n g  t h a t  a 
, s e m a n t i c a l l y  c o r r e c t  COBOL, p r o g r a m  was g e n e r a t e d .  An o p e r a t i o n a l  
s y s t e m  w h ich  can  be u s e d , -and m o d i f i e d  i n  t h e  l i g h t  o f  e x p e r i e n c e ,  
i s  n e e d e d  t o  s e e  how f a r  one  c a n  go t o w a r d s  o b t a i n i n g  s e m a n t i c a l l y  
c o r r e c t  p r o g r a m s .  I n  t h e  end o n l y  t h e  u s e r  can  s a y  w h e t h e r  t h e  
COBOL p ro g ra m  d i d  w ha t  he  i n t e n d e d . '
T h e r e  may be  t i m e s  when t h e  r e p o r t  r e q u e s t e d  b y  t h e  u s e r  
c o n t a i n s  o n l y  i t e m s  f rom n o n - k e y  f i e l d s .  As n o t  a l l . f i e l d s  can  
be t r e a t e d  a s  dom a ins  ( 6 . 3 - 2 )  t h e  r e p o r t  may c o n t a i n  d u p l i c a t e
oo
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d e t a i l  l in e s ^  The o p t io n  fo r  d u p l ic a t e s  to  bé om itted  from the  
r ep o r t  could"be o f f e r e d  in  Stage 10 o f \ t h e  problem s p e c i f y in g  
d ia lo g u e .  The p r o v is io n  o f  t h i s  f a c i l i t y  would in  c e r ta in  
c ircu m sta n ces  r e q u ir e  the  gen erated  program to  c o n ta in  SORT 
s ta te m e n ts  and in c lu d e  a d d i t io n a l  f i l e  d e s c r ip t io n s  fo r  s o r t i n g  
work f i l e s .
There i s  too the  p o s s i b i l i t y  o f  adding new pow erful macros  
to speed up the r e q u e s t  p r o c e s s in g .  These macros would be d e f in ed  
e i t h e r  by the data base a d m in is tr a to r  or by a s k i l l e d  u s e r .
8.9*3 The extension  o f  the technique to other information
process ing  problems 
c
Once the e f f i c a c y  o f  the s e l f - t u t o r i a l  approach has been  
e s t a b l i s h e d ,  the range o f  in fo rm a tio n  p r o c e s s in g  problems which can 
be s o lv e d  by the g e n e r a t io n  o f  a COBOL program can be ex tended  to  
in c lu d e ,  fo r  example, f i l e  u p d a tin g . Such an e x te n s io n  would 
r e q u ir e  changes to the  problem s p e c i f y in g  d ia lo g u e  and th e  
p r o v is io n  o f  more own code f a c i l i t i e s .  The s t r u c tu r e  o f  th e  
gen era ted  COBOL program would have to  be r eo r g a n is e d  to  p r o c e s s  
a d d i t io n a l  in p u t and output f i l e s .
8.9*4 The b e n e f i t  to the s k i l l e d  user
Although d es ign ed  p r im a r i ly  fo r  the c a su a l  u s e r ,  th e  man-
hour e s t im a te s  quoted in  S e c t io n  8 .8  show th a t  the  COBOL
/
g e n e r a t in g  system  i s  p o t e n t i a l l y  o f  g rea t  b e n e f i t  to  th e  s k i l l e d
..
u s e r .
With a s k i l l e d  u ser  a s h o r te r  problem s p e c i f i c a t i o n  d ia lo g u e  
would be needed a s  the i n s t r u c t i o n a l  t e x t  cou ld  be d isp e n s e d  w ith .  
D ia logue  changes cou ld  a l s o  be made to  take advantage of. th e  
programmeras a b i l i t y  to u se  a more s o p h i s t i c a t e d  te r m in a l  d e v ic e ,  
e . g .  l i g h t  pen, data pad, e t c .  The a v a i l a b l i t y  o f  such d e v ic e s
oo
277
would prove p a r t i c u l a r l y  b e n e f i c i a l  fo r  the  d es ig n  o f  r ep o rt  page 
l a y o u t s .
8.9*3 Consideration of alternative host computers and languages
The PG/2 macro p ro c esso r  i s  w r it te n  in  PLAN, the  assem bly  
language o f  the ICL 1900 computer s e r i e s .  The l i f e  o f  t h i s  range  
o f  computers i s  l i m i t e d  a s  i t  i s  b e in g  superceded by the ICL 2900  
s e r i e s  o f  com puters. This s i t u a t i o n  r a i s e s  a number o f  p o in t s  
which m er it  fu r th e r  s tu d y .
Should e f f o r t  be devoted to  c o n v e r t in g  and r e s t r u c t u r in g  the  
PG/2 macro p ro c esso r  fo r  use on the ICL 2900 s e r i e s ?  T his  would  
f a c i l i t a t e  fu r th e r  development and e v a lu a t io n  o f  the COBOL 
g e n e r a t in g  macros d e scr ib e d  in  Chapter 7 to g e th e r  w ith  the  
improvements and a d d i t io n a l  f a c i l i t i e s  o u t l in e d  in  t h i s  c h a p te r .  
Such an approach cou ld  be co n s id ered  o n ly  i f  i t  was w orthw hile  
running the PG/2 macro p r o c esso r  u s in g  the 1900-em u lation  package.  
This would be a sh o r t  term s o lu t io n  because o f  the  d e f e c t s  in  the  
macro p ro cesso r  so ftw a re  which cannot be e a s i l y  or ch eap ly  
rem edied .
A l t e r n a t i v e l y ,  would i t  be b e n e f i c i a l  to  implement th e  s e l f ­
t e a c h in g  COBOL g e n e r a t in g  system  in  a more u n iv e r s a l  h o s t  language?  
This would c e r t a i n l y  make the  system  more p o r ta b le  fo r  
im plem entation  on o th e r  makes o f  computer. In g e n e ra l  th e  h igh  
l e v e l  computer la n gu ages  have f a c i l i t i e s  fo r  prôgram o v e r la y ,  
d ir e c t  arid indexed s e q u e n t ia l ,  f i l e  a c c e s s ,  a rra y  s to r a g e  and good 
erro r  d ia g n o s t ic  f a c i l i t i e s . ^  F a c i l i t i e s  fo r  the  m a n ip u la tion  o f  
v a r ia b le  le n g th  s t r i n g s ,  data v a l id a t io n  and s ta tem en t g e n e r a t io n  
are  not so g e n e r a l ly  a v a i l a b l e .  O ften , however, th e se  f a c i l i t i e s  
can be provided by means o f  su b r o u t in e s  which may have t o .b e  coded  
in  assem bly  la n gu age .
C o n s id era tio n  needs to  be g iv en  to  ways o f  adding to  the
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h igh  l e v e l  language f a c i l i t i e s  and d is c o v e r in g  how far  th ey  could  
be coded d i r e c t l y  in  the  h igh  l e v e l  lan gu age . As th ere  are  
c u r r e n t ly  moves to enhance the COBOL language f a c i l i t i e s ,  t h i s  i s  
one o f  the ob v iou s  h igh  l e v e l  lan gu ages  to c o n s id e r  fo r  the  
development o f  a COBOL g e n e r a t in g  system . A working paper  
prepared by the B r i t i s h  Computer S o c ie t y  COBOL S p e c i a l i s t ‘ Group 
C23] c o n ta in s  a j u s t i f i c a t i o n  and d e s c r ip t io n  o f  proposed language  
enhancement f e a t u r e s  fo r  COBOL which have a lr e a d y  been proved by a 
p i l o t  im p lem en ta tion . Although in  June 198O the CODASYL COBOL 
Committee r e j e c t e d  th e s e  p r o p o sa ls  by a sm all  m a jo r ity ,  work 
c o n t in u e s  on r e f i n i n g  and im proving them.
(2v  ' The ex p e r ie n c e  ga ined  during the  p r a c t i c a l  work o f  t h i s
p r o j e c t  p ro v id es  th e  b a s i s  fo r  an i n i t i a l  a ttem p t a t  d e f in in g  the  
range o f  f a c i l i t i e s  r eq u ired  fo r  th e  g e n e ra t io n  o f  COBOL programs 
(Appendix V I) .
8 . 9 .6  Other a p p l i c a t io n s
The number o f  m icro-com puters w i l l  soon g r e a t ly  exceed  the  
number o f  programmers a v a i l a b l e ,  so th ere  i s  scope fo r  d e v e lo p in g  
ways o f  making them e a s i e r  to  use  by n o n - s p e c i a l i s t s .  As th e r e
(22  i s  a growing tendency fo r  a d i a l e c t  o f  COBOL to  be o f f e r e d  fo r  use
on such com puters, th e  p r o v is io n  o f  f a c i l i t i e s  f o r , genera t i n g  COBOL 
programs would c o n tr ib u te  to t h e i r  e f f e c t i v e  u s e .  As m entioned in  
S e c t io n  8 . 8 ,  the sou rce  code fo r  programs in  a ôiicro-coraputer  
COBOL d i a l e c t  cou ld  be gen erated  on a main frame computer and 
t r a n s fe r r e d  to the sm a ll  computer fo r  c o m p ila t io n  and e x e c u t io n .  
There i s  a l s o  scope fo r  i n v e s t i g a t i n g  to  what e x te n t  program 
g e n e r a t io n  f a c i l i t i e s  cou ld  be provided  u s in g  th e  m icro-com puter  
i t s e l f .
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8.10 CONCLUDING SUMMARY
The p r o je c t  s e t  out to  s e e  i f ,  by the g e n e ra t io n  o f  COBOL 
programs, a c c e s s  to  the  computer by c a su a l  u s e r s  could  be made 
e a s i e r .  What has been done and lea rn ed  a s  the  r e s u l t  o f  t h i s  
p r o j e c t  can be summarises a s  fo l lo w s :
1 . A d ia lo g u e  can be c r e a te d  which can be used to  gen era te  
COBOL programs.
2 .  V a l id a t in g  the  d ia lo g u e  resp o n ses  and g e n e r a t in g  COBOL 
i s  a major u n d ertak in g  le a d in g  to  a system  comparable in  s i z e  and 
co m p lex ity  tq thajt o f  a co m p iler .
3 .  Thq PG/2 macro p r o c esso r  i s  not an i d e a l  t o o l  but i t  has 
h elp ed  to  d is c o v e r  th e  c h a r a c t e r i s t i c s  o f  an a p p ro p r ia te  t o o l .
4 .  j^rqgram g e n e r a t io n  appears e f f i c i e n t  but may be o f  even  
more use  to  1?he p r o f e s s io n a l  programmer than to  the  c a su a l  u s e r .
5 .  An o p e r a t io n a l  system  i s  needed to  v a l id a t e  the  
p o t e n t i a l  o f  t h i s  approach.
6 .  The p r o j e c t  can be e a s i l y  and n a t u r a l ly  extended in  many 
ways, th u s  p ro v id in g  a c o n t in u in g  o p p o r tu n ity  to  c o n tr ib u te  
towards e a s i e r  and more e f f e c t i v e  computer u s a g e .  ,
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PG/1 MACRO PROCESSOR
The PG/1 macro p ro c esso r  may a l s o  be c o n s id ered  a s  a g e n e ra l  
purpose s t r i n g  p r o c e s so r  because i t s  macro-tim e f a c i l i t i e s  a l lo w  
th e  e x t r a c t i o n ,  i d e n t i f i c a t i o n ,  m an ipu la tion  and c o n c a te n a t io n  o f  
s t r i n g  v a r ia b le s .
' The m a te r ia l  provided in  t h i s  appendix has been e x tr a c te d
from a rep o r t  o f  a e a r l i e r  i n v e s t i g a t i o n  [ 5] •  I t  g iv e s  a 
d e s c r ip t io n  o f  the PG/1 macro p r o cesso r  used fo r  th e  p r e l im in a ry  
i n v e s t i g a t i o n  in t o  the  f e a s i b i l i t y  o f  g e n e r a t in g  COBOL programs.
The m a te r ia l  i s  su b d iv id ed  in t o  the  fo l lo w in g  s e c t io n s :
■■ . . ' , ■
1 . Macro p r o c e s so r  s tr u c tu r e
2 .  Statem ent la y o u t
3» Macro d e f i n i t i o n  format
4 .  Macro c a l l s
3 .  E xpansion-tim e s ta te m e n ts
6 .  System macros
7 . Mac ro - t im e  s ta te m e n ts
8 .  Reserved g lo b a l  v a r ia b le s
9# Error m essagesO
oo
1 . MACRO PROCESSOR STRUCTURE
The PG/1 macro p r o c esso r  has two b u f fe r s  each capable  o f  
s t o r in g  up to 72 c h a r a c t e r s ,  one b u ffe r  for  in p u t  and the  o th er  
fo r  o u tp u t .  There are  a l s o  s to r a g e  a rea s  used fo r  l a b e l ,  symbol 
and p o in te r  t a b le s  and s ta c k s  a v a i l a b l e  fo r  macro expansion  
s ta te m e n ts ,  names or d e f i n i t i o n s  and saved b lo c k s  o f  output t e x t .
A d is c -b a s e d  f i l i n g  system  i s  a v a i la b le  in  the form o f  a
c o l l e c t i o n  o f  s u b f i l e s  each o f  which may be used to  c o n ta in  macro 
d e f i n i t i o n s ,  p a r t i a l l y  developed macros or any o th er  c h a r a c te r  
d a ta .  In a d d it io n  to  the  macro p r o cesso r  PG/1, two o th er  programs 
are  used to  m ain ta in  th e  d i s c  f i l i n g  system . The f i l i n g  system  i s  
i n i t i a l i s e d  u s in g  the  f i r s t  o f  th e s e  programs and, once  
i n i t i a l i s e d ,  may be m ain ta ined  by the second program. T his  l a t t e r  
program en a b le s  the  u ser  to  a l l o c a t e  space fo r  the  c r e a t io n  o f  new 
s u b f i l e s  and a l s o  has f a c i l i t i e s  fo r  the  in p u t  and output o f  
c h a r a c te r  d a ta ,  and fo r  e d i t i n g  cop y in g  and d e l e t i n g  s u b f i l e s .
2 .  STATEMENT LAYOUT —" — ■ ■ ' ' ' "   —
The iformat o f  sou rce  in p u t to the macro p r o c e s so r  f o l l o w s  
standard  FORTRAN con v en tio n  w ith  l a b e l s  in  p o s i t i o n s  1 to  3 snd
s ta te m e n ts  ip  p o s i t i o n s  7 to  72 . (The use o f  column 6 a s  a
c o n t in u a t io n  record  was suspended a s  mentioned in  S e c t io n  2 . 2 . 4 ) .  
The FORTRAN con ven tion  a r i s e s  from the f a c t  th a t  i n i t i a l l y  the  
PG/1 system  was used to  gen era te  FORTRAN programs. Where l a b e l s  
a re  generated  by th e  system  th e s e  are  FORTRAN typ e  i n t e g e r  l a b e l s ,  
but apart from th e s e  c o n s id e r a t io n s  the PG/1 system  i s  n o t  b ia s e d  
towards any p a r t i c u la r  source  lan g u a g e .
The o r i g i n a l  MP/1 system  [6 ]  was d es ign ed  to  be used  both  a s  
& macro p ro cesso r  and a p r e -p r o c e s so r  and c o n seq u e n t ly  th e  format  
o f  macro names was made l e s s  r e s t r i c t i v e  than i s  th e  c a se  f o r  
most macro sy s te m s .
oo
'. 3* MACRO DEFINITION FORMAT
The macro d e f i n i t i o n  s p e c i f i e s  both the  macro name and th e  
a s s o c ia t e d  rep lacem ent body or expansion s t r i n g ,  A. d e f i n i t i o n  
i s  i n i t i a t e d  by th e  pseudo macro %DEF, The pseudo macros and a l l  
th e  system  macros s t a r t  in  p o s i t i o n  1 o f  an in p u t  rec o r d .  The 
macro name f o l lo w s  and i s  taken to  term in ate  a t  th e  end o f  the  
s ta tem en t r e c o r d .  The subsequent s ta tem en ts  up to  th e  pseudo  
macro /oEND are taken to  c o n s t i t u t e  the  macro body. D e f i n i t i o n s  
are  w r i t t e n  u s in g  th e  ICL 64 ch a r a c ter  s e t  a lth o u g h  some s p e c i a l  
c h a r a c te r s  are  e x c lu d ed .
The macro name i s  a ch a ra c ter  s t r i n g  in t e r s p e r c e d  w ith  
form al param eters where d e s ir e d .  Two or more form al param eters  
must n o t  appear c o n s e c u t iv e ly  in  a name as th e  in terv en in g .  
s u b - s t r in g s  between param eters o f  the  name are  used a s  argument 
term in a to rs  when m atching macro c a l l s .  However, a s i n g l e  form al  
parameter may be d e f in e d  to  r e p r e se n t  a v a r ia b le  number o f  a c t u a l  
param eters a s  d e scr ib e d  below . I t  i s  a ls o  u s e f u l ,  e s p e c i a l l y  in  
th e  ca se  o f  v a r ia b le  parameter l i s t s ,  to  be a b le  to  s p e c i f y  th a t  
th e  param eter, or each parameter o f  a l i s t ,  sh ou ld  be b a lan ced  
w ith  r e s p e c t  o f  l e f t  and r i g h t  p a r e n th e s e s .  This f e a tu r e  i s  
p rovided  to g e th e r  w ith  a f e a tu r e  e q u iv a le n t  to  the  keyword 
parameter o f  the  System/360  Macro Language. In th e  l a t t e r ,  a 
form al parameter may have i t s  v a lu e  s e t  in  th e  d e f i n i t i o n  and i f
th e  corresp on d in g  a c t u a l  parameter in  the  c a l l  i s  om itted  th en  th e
/■
v a lu e  i s  used  as  i f  i t  were th e  a c t u a l  param eter, o th er w ise  th e  
p r e s e t  va lu e  i s  o v e r w r it te n  by th e  va lu e  o b ta in ed  by m atch in g .
U sin g  a n o t a t io n  based on Bakus Normal Form [ 8 ]  the  name d e f i n i t i o n  
ta k e s  th e  g e n e ra l  form d e f in e d  below;
o<018cro name^ : := J’*‘[< a rg ^ < d é l i i i i i te r ^
< d e l im ite 2^ <mecro name^j 
^ 8  cro name><arg/| < j ie lim iter>
: ( a r g /
■ ^ r g > :  :=©<inset>Câ 
j  <ii^6et^: : = <hull> I (<null>)| ; |
<pep> I (<oep»|
^ in se i^  = < p rese t  l i s t >  ,
< n u l l / : :=
<sep> ; ; = J j |<char>].
< p rese t  l i s t ^  : V p r e s e t  argum ents'|
\ 2 )  *<preset argument>*,
^preset l i s t >
< p reset argum ent>;:= J*^<char>J 
< d elim iter>  : t= j*^<phar>J
IVhere <char> i s  a member o f  th e  c h a ra cter  s e t  d e f in e d  a b ove .
From th e s e  d e f i n i t i o n s  i t  f o l l o w s  th a t  th e  formal parameter  
<9rg^ i s  a sequence o f  one or more c h a r a c ter s  e n c lo se d  by @ 
sym bols . V/hen t h i s  t a k e s  the  form @@ then th e  parameter i s  a s i n g l e  
elem ent which need n o t  be b a la n ced .  When th e  form al param eter i s  
o f  th e  form @< s^ep>© then t h i s  d en otes  th a t  th e  macro c a l l  w i l l  
c o n ta in  a l i s t  o f  one or more e lem en ts  corresp on d in g  to t h i s  one 
param eter. The o n e ,  two or th r e e  c h a r a c ter s  denoted by <sep> w i l l  
se r v e  to  s ep a ra te  th e  in d iv id u a l  e lem en ts  o f  th e  a c t u a l  param eter  
l i s t .  In e i t h e r  o f  th e s e  c a s e s  i f  a l e f t  p a r e n th e s i s  im m ed ia te ly  
su c ce e d s  the  f i r s t  @ symbol end a r ig h t  p a r e n th e s i s  im m ed ia te ly  
precedes the second © symbol then a check i s  made to  ensure  t h a t  the  
a c t u a l  parameter and each elem ent o f  the a c t u a l  param eter, i f  
a p p r o p r ia te ,  i s  b a lan ced  w ith  r e s p e c t  to  th e  symbols ( and ) .  A lso  
a parameter or parameter l i s t  may be p r e s e t  a s  in d ic a t e d  a b o v e ,  th e  
p r e s e t  v a lu e  b e in g  a l i s t  o f  one or more e lem en ts  e n c lo se d  in  q u o tes
and sep arated  by commas.
The expansion  s t r i n g  c o n s i s t s  o f  o p t i o n a l l y  l a b e l l e d  
s ta te m e n ts  which may be source  lan gu age , macro c a l l s  or ex p a n sio n ­
tim e s ta te m e n ts .  Macro c a l l s  in t e r n a l  to a d e f i n i t i o n  are  
e n c lo se d  in  square b r a c k e ts  and may appear e i t h e r  w ith in  a sou rce  
language s ta te m e n t ,  another  macro c a l l  or a s  a sep a ra te  s ta te m e n t .  
E xpansion-tim e s ta te m e n ts  are d escr ib ed  below .
When a macro c a l l  i s  expanded l a b e l s  in s i d e  the  d e f i n i t i o n  
are  r ep la ce d  by unique f i v e  d i g i t  l a b e l s .  L abels  o u t s id e  columns 
1-5  o f  source  language s ta te m e n ts  must be p r e f ix e d  by a 
c h a r a c te r .  Formal param eters may be used in  the  d e f i n i t i o n  to  
show p o in t s  where the  corresp on d in g  a c tu a l  param eters o f  th e  c a l l  
are  to  be i n s e r t e d .  These param eters are  s im i la r  to  form al  
param eters in  the name and take the  fo l lo w in g  form*
<exarg^:;: @<int^<.inset 
< i n s e t ’> ;:=  :< in t>  | : <expansion  v a r ia b le>  | < s e p ’>
4 i u l l ^
Where the f i r s t  ^nt> i s  an in t e g e r  e s t a b l i s h i n g  a 
correspondence between the formal parameter o f  th e  expansion  
s t r i n g  and the form al parameter o f  the name, 1 r e f e r r i n g  to  the  
22") f i r s t  ( l e f t  most) parameter o f  the name, 2 to  th e  second and so
on . Where the form al parameter i s  a s im ple  one then t h i s  in t e g e r  
i s  fo l lo w e d  by a second ©. In the  case  where the formal parameter  
r e f e r s  to  a parameter l i s t  then the in t e g e r  may be fo l lo w e d  by a 
-  c o lo n  fo l lo w e d  by e i t h e r  an in t e g e r  or an ex p a n s io n -t im e  v a r ia b le
c o n ta in in g  an i n t e g e r .  T his  second in t e g e r  q u a n t i ty  w i l l  then  
s p e c i f y  the p a r t i c u la r  elem ent o f  the l i s t  to  be o u tp u t ,  e . g .
@2:3© .
would r e f e r  to  the  th ir d  elem ent o f  the  second param eter.  
A l t e r n a t i v e l y  the  parameter l i s t  can be output a s  a l i s t  in  which
oc a se  i t  ta k e s  the form
@<int^^sep'^@
where <sep'/ i s  the  c h a ra cter  s t r i n g  to be used to sep a ra te  the.
' ou tp u t e lem en ts .  T his  l a t t e r  s t r i n g  may be o f  any le n g th  but  
should  not commence w ith  e i t h e r  a co lon  or an i n t e g e r .
Two examples o f  a macro d e f i n i t i o n  format are  i l l u s t r a t e d  in  
S e c t io n  2 . 2 . 5 . The f i r s t  example shows a s im p le  macro d e f i n i t i o n  
w ith o u t arguments w h i le  the second example shows a macro which  
r e q u ir e s  one argument.
4 .  MACRO CALLS
A macro c a l l  w i l l  be r e c o g n ise d  a s  such by a s p e c i a l  warning  
c h a r a c ter  in  the f i r s t  p o s i t i o n .  This  w i l l  be a % c h a r a c te r  . 
u n le s s  o th erw ise  s p e c i f i e d  by the  programmer a s  shown b e low . The 
c a l l  may be l a b e l l e d .  The macro c a l l  s t r i n g  w i l l  c o n s i s t  o f  the  
d e l im i t e r s  o f  the  macro name to  which i t  r e f e r s  w r i t te n  in  the  
o rder  in  which th ey  appear in  the  d e f i n i t i o n  o f  the macro name. 
O p t io n a l ly  param eters may be w r i t t e n  between th e s e  d e l i m i t e r s .
The param eters may be s im p le  ch a r a c ter  s t r i n g s  or th ey  may c o n ta in  
macro c a l l s  or l i t e r a l s .  Such n e s te d  c a l l s  are  p a r e n th e s is e d  by 
square b r a ck e ts  and n e s t in g  to an a r b i t r a r y  depth i s  p e r m it t e d .
When a macro c a l l  has been s u c c e s s f u l l y  matched by th e  
system  a g a in s t  a d e f in e d  macro name then the e v a lu a t io n  o f  the  
a s s o c ia t e d  expansion s t r i n g  ta k es  p la c e .  I f  th e  macro c a l l  was 
l a b e l l e d  then t h i s  l a b e l  i s  in s e r t e d  unchanged b e fo re  the  f i r s t  
sou rce  language s ta tem en t o f  the expansion  s t r i n g .  In the  ca se  
where t h i s  s ta tem en t i s  i t s e l f  l a b e l l e d  a CONTINUE sta tem en t  i s  
generated  w ith  the  macro c a l l  l a b e l .  E v a lu a tio n  then c o n t in u e s  
w ith  the  i n s e r t i o n  o f  a c t u a l  param eters in  p la c e  o f  the  form al  
param eters . Where an a c t u a l  parameter has been om itted  then the  
p r e s e t  v a lu e ,  i f  i t  e x i s t s ,  i s  in s e r t e d  o th er w is e  the  s ta te m e n t  in
o7
which th a t  parameter appears i s  o m it te d .  E v a lu a tio n  c o n t in u e s  
e i t h e r  u n t i l  the end o f  the  expansion s t r i n g  i s  reached or u n t i l  
p r o c e s s in g  i s  h a l t e d  by an exp an s ion -t im e  s ta te m e n t .  When the  
o r i g i n a l  macro c a l l  has been co m p le te ly  ev a lu a te d  p r o c e s s in g  
c o n t in u e s  a t  the  f i r s t  in t e r n a l  macro c a l l ,  i f  i t  e x i s t s ,  and 
c o n t in u e s  u n t i l  a l l  in t e r n a l  c a l l s  have been e v a lu a te d .  V/hen 
th e  macro c a l l  has been f u l l y  ev a lu a ted  the gen era ted  s t r i n g  i s  
t r a n s fe r r e d  to the  output s ta c k .
Macro g a l l s  are  matched in  sequence a g a in s t  d e f in ed  names 
s t a r t i n g  w ith  th e  most r e c e n t ly  d e f in ed  macro name and th u s  i t  i s  
n e c e s s a r y  in  p o s t  a p p l i c a t io n s  to  c a r e f u l l y  order  macro 
d e f i n i t i o n s .
Q-■ : 3 .  EXPANSION-,TIME STATEMENTS
Expansion tim e s ta te m e n ts  may be used to  g en era te  o b j e c t  code 
which i s  dependent on th e  param eters o f  the macro c a l l .  Expansion  
v a r ia b le s  may be u sed  a s  in d e x e s ,  a s  c r i t e r i a  fo r  c o n d i t io n a l  
s ta te m e n ts  or a s  g e n e r a to r s  o f  in t e r n a l  symbol s t r i n g s .  They take  
th e  form -
expansion  v a r ia b le  ^<char*)jj
#  G jj\< ch ar ' #
where ^ ch a rÿ  i s  an alpham eric  c h a r a c te r .  Expansion v a r ia b le s  may 
be l o c a l  to  a p a r t i c u l a r  macro d e f i n i t i o n  or th ey  may be g l o b a l ,  
th e  two c a se s  b e in g  d is t in g u is h e d  by the  f i r s t  l e t t e r  b e in g  L or G 
r e s p e c t i v e l y .  V a r ia b le s  may be a s s ig n e d  e i t h e r  in t e g e r  v a lu e s  or  
s t r i n g  v a lu e s  o f  up to 8 c h a r a c t e r s .  Expansion v a r ia b le s  may 
appear in  normal sou rce  language s ta tem en ts  in  the  d e f i n i t i o n  in  
which c a se  during e v a lu a t io n  th ey  are  r ep la ced  by the  c h a r a c ter  
r e p r e s e n ta t io n  o f  t h e i r  v a lu e  a t  th a t  tim el
Expansion tim e s ta te m e n ts  are  in tro d u ced  by a % c h a r a c te r  
in  p o s t io n  1 o f  the  s ta tem en t and may have FORTRAN type l a b e l s  
f o r  r e f e r e n c e  by o th e r  expansion time s ta te m e n ts .  The ass ign m en t  
and c o n t r o l  s ta te m e n ts  take th e  form below:
( 2 )  ^ a s s ig n m e n ts : := ^expansion v a r ia b le ^
= <pxpr>
<pxpr*S::= <^nteger expr>
( s t r i n g  expr>
^ in te g e r  expr>::=  <?.nt>l^nt^<op^<expr^
g  I
' S t r i n g  expr’> ::=  *J^{(pher>3M
S t r i n g  v a r ia b le ^ !
< ex a rg >
where ^ in t^  i s  e i t h e r  a l i t e r a l  in t e g e r  or an expansion  v a r ia b le  
h o ld in g  an in t e g e r  v a lu e  and < s t r in g  v a r ia b le ^  i s  an e x p a n s io n -
9tim e v a r ia b le  h o ld in g  a : s tr in g  v a r ia b le ,  \ i h e r e  the ( s t r i n g  expr^  
i s  a parameter r e f e r e n c e ,  (exargS  , then i f  th e  parameter i s  g r e a te r  
than 8 c h a r a c te r s  in  le n g th  th e  l e f t  hand v a r ia b le  w i l l  be s e t  
equal to  th e  f i r s t  8 c h a r a c t e r s .
<op^::= +1 I -
E x p ress io n s  may in c lu d e  s im p le  a r i th e m t ic  o p e r a t io n s  (a d d i t io n  
and s u b t r a c t io n )  between in t e g e r s  and v a r ia b le s  h o ld in g  i n t e g e r s .






^ l î ÿ :  := < in tS  
<IOPRS::= Eq| ne | l e | l t | ge | gT
' ' th e s e  s i x  p r e d ic a t e s  b e in g  e q u a l ,  not eq u a l,  l e s s  than or e q u a l ,  
l e s s  th a n , g r e a te r  than or equa l and g r e a te r  th an .
<SRS: :=. ^ s t r in g  expr>
<jSOPR>:t= EQ[n e | i n | aT 
The o p e r a t io n  IN and AT in  t h i s  c a se  t e s t  i f  th e  f i r s t  s t r i n g  i s  
a s u b s tr in g  o f  th e  second and i f  the  f i r s t  s t r i n g  i s  th e  f i r s t  
s u b s tr in g  o f  th e  seco n d , r e s p e c t i v e l y .
The GOTO s ta tem en t  ca u ses  an u n c o n d it io n a l  t r a n s f e r  o f  
c o n t r o l  to  th e  l a b e l l e d  expansion  s ta te m e n t .  EXIT cau ses  
e v a lu a t io n  o f  th e  cu rren t expansion  s t r i n g  to  s to p  and has th e  same 
e f f e c t  as  9oEND. The IF s ta tem en t c a u ses  t r a n s f e r  o f  c o n t r o l  i f  
th e  s p e c i f i e d  r e l a t i o n  i s  tru e  and th e  CONTINUE has no e f f e c t ,  
b e in g  used o n ly  as  a l a b e l  r e f e r e n c e  for  o th er  assem bly  tim e
s ta te m e n ts .  j
O
10
The s ta tem en t
CALLARGSC(expansion v a r ia b le ^ ,( fo r m a l  parameter^)
where
^formal parameter^: ;.=@<int>@ 
s e t s  th e  s p e c i f i e d  expansion  v a r ia b le  to  the  number o f  e lem en ts  
c o n ta in ed  by the a s s o c ia t e d  a c t u a l  parameter a t  th e  tim e a t  which  
i t  i s  c a l l e d .  I f  th e  parameter has been o m itted  th e  v a r ia b le  i s  




6 . SYSTEM MACROS
The system  macros are  used  a s  data c o n tr o l  o p e r a t io n s  and 
th e r e  are fo u r te e n  system  macros in  a l l /
6 .1  9^ MACR0 '
The f i r s t  record  in p u t  to  th e  PG/1 system  must be o f  th e  form
%MCRO.
O p t io n a l ly  up to  th r e e  c h a r a c te r s  may be i n s e r t e d  b e fo r e  th e  f u l l  
s t o p .  The f i r s t  o f  th e s e  d e f in e s  th e  macro warning c h a r a c t e r ,  
th e  second th e  form al parameter marker and th e  t h ir d  th e  expansion  
l a b e l  marker.
Thus fo r  example
$^ MACRO;g*.
would cause  the  % warning ch a r a c ter  and th e  © symbol to  be r e p la c e d  
by ^  and * r e s p e c t i v e l y .  In t h i s  ca se  the l a b e l  marker /  would  
remain unchanged. This  macro o u tp u ts  the "date and tim e t o g e th e r  
w ith  a l i s t  o f  the  th r e e  warning c h a r a c ter s  whether or n ot th e s e  
have been r e d e f in e d .  A l l  data f o l l o w in g  t h i s  record  i s  l i s t e d  
but o th er w ise  ig n o red  u n t i l  th e  %BEGIN s ta tem en t i s  en co u n tered .
6 .2  9^ BEGIN
This s ta tem en t ca u ses  a l l  subsequent r e c o r d s  to  be t r e a t e d  as  
in p u t to  the  macro p r o c e s s o r .  S ta tem en ts  which are  p art o f  n e i t h e r  
macro d e f i n i t i o n s  nor c a l l s  w i l l  n o t  be a l t e r e d  in  any way. The 
e n t i r e  system  i s  i n i t i a l i s e d  by t h i s  s ta te m e n t .  (See  S e c t io n  2 . 2 . 5  
fo r  an exam ple).
6 . 5  ^JEND
T his s ta tem en t  ca u ses  th e  ou tp u t s ta c k  to  be l i s t e d .  (S ee  




The in p i |t  to  the  macro p r o c esso r  i s  term in ated  bÿ t h i s  
s t a t e m e n t . . (^ee S e c t io n  2 .2 * 5  fo r  op. exam ple). •
6 .5 :  %FILE r  > :
The form o f  t h i s  command i s ;
%FILE,p,( s u b f i l e  name^J^
I t  ca u ses  a l l  th e  rec o r d s  fo l l o w in g  t h i s  command u n t i l  an e ig h t  
ch a r a cter  record  i s  encountered to be s to r e d  in  the s u b f i l e  
r e f e r e n c e d .  p=0 s t a r t s  s t o r in g  from th e  top o f  the  s u b f i l e ;  
p=1 s t a r t s  s t o r i n g  from th e  end o f  the  cu rren t c o n te n ts  o f  th e  
s u b f i l e .
9^FILE,0,INPUTDATA;g ^
record  1
record  2 __
record  3 
record  4
c a u ses  fou r  reco rd s  to  be s to r e d  a t  th e  top o f  s u b f i l e  INPUTDATA.
6 .6  %&IST
T his  command w i l l  cause  th e  names o f  a l l  th e  macro d e f i n i t i o n s  
c u r r e n t ly  h e l( |  in  th e  s t o r e  to  be l i s t e d .
6 .7  %10AD
The form o f  t h i s  command i s ;
%L0AD,(^subfile nam e^,. . . . . , S u b f i l e  name^
T his  command load?  in t o  th e  PG/1 s ta c k s  the cu rren t  c o n te n t s  o f
th e  s u b f i l e s  r e f e r e n c e d .  Up to  fou r  s u b f i l e  names may be g iv e n .
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A s u b f i l e  may h o ld  one or merre macro d e f i n i t i o n s ,  p a r t ly  
d eveloped  d e f i n i t i o n s  or any o th er  d a ta .  (See  S e c t io n  2 . 2 . 5  
fo r  an exam ple).
6 .8  S print
The cu rren t c o n te n t s  o f  th e  PG/1 output s ta c k  w i l l  be p r in ted
ou t by t h i s  macro. (S ee  S e c t io n  2 . 2 . 5  fo r  an exam ple).
6 .9  9oQUIET
T his command s e t s  th e  t r a n s la t o r - u s e r  d ia lo g u e  in t o  s i l e n t  
mode i . e .  su p ress  w r i t t e n  m essages .
6 .1 0  g^ RESTART
The u ser  may d e le t e  the  t r a n s la t o r - u s e r  d ia lo g u e  c a r r ie d  
j ou t so f a r ,  r e - i n i t i a l i z e  th e  expansion  s ta c k  and r e - s e t  th e  system
> to  a c ce p t  a f r e s h  macro c a l l  by means o f  t h i s  command.
6 .11  foSAYE
The form o f  t h i s  command i s :
%SAVE,p, ( s u b f i l e  name^/
C2) The command ca u ses  the  cu rren t c o n te n t s  o f  th e  PG/1 output s ta c k
to  be saved in  the  r e fe r e n c e d  s u b f i l e .  Parameter p p la y s  th e  
same r o l e  a s  d e sc r ib e d  w ith  ^FILE above. (S ee  S e c t io n  2 . 2 . 5  fo r  
an exam ple).
6 .1 2  o^START
The purpose o f  t h i s  macro i s  to  load  in t o  th e  PG/1 system  th e
■ ‘..I..... .
'  ■
c o n te n t s  o f  the s u b f i l e  ’•EXPLANATIONS” . This s u b f i l e  h o ld s  macro 
d e f i n i t i o n s  which, when c a l l e d ,  p rov id e  e x p la n a to ry  d ia lo g u e  on 
th e  PG/1 system  and i t s  f a c i l i t i e s .
o14
6 .1 3  %TALK
This macro w i l l  s e t  the t r a n s la t o r - u s e r  d ia lo g u e  in t o  i t s  
normal mode, i . e .  n u l l i f y  th e  9^QUIET command and r e - i s s u e  w r i t t e n  
m essa g es .
6 .1 4  %DEF
The fu n c t io n  o f  t h i s  macro i s  d e scr ib e d  in  S e c t io n  3 o f  t h i s  




These s ta te m e n ts  are  in tro d u ced  by a ch a ra cter  in  the f i r s t  
p o s i t i o n  o f  the  s ta tem en t  and may have FORTRAN type l a b e l s  fo r  
r e f e r e n c e  by o th er  m acro-tim e s ta te m e n ts .  /These s ta te m e n ts  are  
' l i s t e d  below  a l p h a b e t i c a l l y .
7 .1  CALLARGS
Determine th e  number o f  t e lem en ts  co n ta in ed  in  a r e fe r e n c e d  
c a l l  param eter. ( D e t a i l s  in  S e c t io n  5 o f  t h i s  a p p en d ix ) .
7 .2  CALLCONV
Convert an i n t e g e r  h e ld  in  c h a ra cter  form to  i t s  b in a ry  
e q u iv a le n t .
% CALLCONV (< m -t. v b le ^ ,< m -t .  vb le> )
vhere  ^m-t. vb le^  may be e i t h e r  a l o c a l  or g lo b a l  m acro-tim e  
v a r ia b le  and th ey  may be combined a t  w il l-r  
e . g .  % CALLCONV(#LVAL,^ GVAL)
7 .3  CALLCOPY
Copy the  c h a r a c te r  s t r i n g ,  or th e  c o n te n t s  o f  a r e f e r e n c e d  
( 2 3  m acro-tim e v a r ia b le ,  in t o  th e  m acro-tim e output b u f fe r  s t a r t i n g
from th e  s p e c i f i e d  c h a r a c ter  p o s i t i o n .  I f  th e  l a t t e r  i s  n o t  
e x p l i c i t y  g iv en  then u se  the  va lu e  h e ld  in  th e  r e se r v e d  g l o b a l  
v a r ia b le  OÜP.
% CALLCOPY(n, message^ )
where ^message^ : : = ( t e x t^  j ^ a c r o - t im e  v a r ia b le ^
^ e x t '^  : := any com bination  o f  th e  ICL 64 c h a r a c te r  
s e t  and n s O ,  1,  2 ,  » . . . ,  72 .
The .(message^ must n o t  exceed  20 c h a r a c te r s  in  l e n g t h .  T h is  i s  a 
' compromise f i ^ r e ,  b e in g  t y p i c a l  o f  th e  maximum le n g th  o f  a system  
u se r  message in  s c i e n t i f i c  a p p l i c a t i o n s .
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The e f f e c t  o f  t h i s  s ta tem en t  i s  to  copy the message in t o  th e  
m acro-tim e output b u f f e r ,  s t a r t i n g  a t  th e  nth  ch a ra cter  p o s i t i o n ,  
and r e p la c in g  each % ch a r a c ter  in  the message by a space character*  
e . g .  %  CALLC0PY(1,THIS^IS?^A5^MESSAGEi) .
7 .4  GALLFSTR
Copy a f i x e d - l e n g t h  s t r i n g  v a r ia b le  from the in p u t b u f fe r  
in t o  a r e fe r e n c e d  m acro-tim e v a r ia b le .  I f  th e  v a lu e s  fo r  the  
c h a r a c te r  p o s i t i o n  in  the  in p u t b u f fe r  and the  le n g th  o f  th e  s t r i n g  
to  be co p ied  are  not e x p l i c i t y  s p e c i f i e d ,  then u se  the  v a lu e s  h e ld  
in  th e  re se rv e d  g lo b a l  v a r ia b le s  INP and CUP r e s p e c t iv e ly * .
,(2) % CALLFSTE«m-t. v b l e > , i , j )
which s ta n d s  fo r  CALL F ixed  STRing, and where
( m - t .  vble^ i s  a l o c a l  or g lo b a l  m acro-tim e v a r ia b le
. - \  \ 
i  i s  an in t e g e r  va lu e  0 ,  1 , 2 ,  . . . . ,  71
j i s  an in t e g e r  va lu e  0 ,  1 ,  2 ,  . . . . ,  8
and 1 < ( i + j X  72
The e f f e c t  o f  t h i s  s ta tem en t i s  to  a s s ig n  to  the  s p e c i f i e d  m acro-tim e  
' v a r ia b le  j c h a r a c t e r s ,  s t a r t i n g  from th e  i t h  c h a r a c ter  p o s t io n
in  th e  in p u t  b u f f e r .
e . g .  % CALLF8TR(#LVAL,1,1)O
7*3 CALLVSTR
Copy a v a r ia b le - l e n g t h  s t r i n g  in to  a r e fe r e n c e d  m acro-tim e  
v a r ia b le  s t a r t i n g  from a g iv en  ch a r a cter  p o s i t i o n  u n t i l  e i t h e r  a 
s p e c i f i e d  marker i s  encountered  or 8 c h a r a c ter s  have been c o p ie d ./  
I f  th e  va lu e  o f  th e  c h a r a c ter  p o s i t i o n  and th e  marker are  n o t  
e x p l i c i t l y  g iv e n , then use  th e  v a lu e s  h e ld  in  th e  r e se r v e d  
v a r ia b le s  INP and MAS r e s p e c t i v e l y .
M% CALLVSTR((m-t. v b l ^  , i , ( m a r k e r / )  
which s ta n d s  fo r  CALL V ar iab le  STRing, and where 
~ ( m - t . v b l e /  i s  a l o c a l  or g lo b a l  macro-time v a r ia b le
i  i s  an in t e g e r  va lue  0 ,  1 , 2 ,  . . ,  71
^ a r k e r /  i s  any c h a ra cter  o f  the ICL 64 c h a r a c ter  s e t .  
The e f f e c t  o f  t h i s  s ta tem en t i s  to  a s s ig n  to  th e  s p e c i f i e d  
m acro-tim e v a r ia b le  a l l  c h a r a c te r s  up to  but e x c lu d in g  th e  
(m a rk er /  ch a r a c ter  when i t  i s  encountered .
e . g .  % CALLVSTR(;^V3,1,5)
7 .6  CONTINUE
O  This s ta tem en t has no e f f e c t .  I t  i s  used  by m acro-tim e
s ta te m e n ts  a s  a l a b e l  r e f e r e n c e  fo r  o th er  r eco rd s  in  the  macro 
body. (See  a l s o  Appendix I  S e c t io n  5*)
7 .7  COPY
Copy the  corresp on d in g  SAVE b lo c k .  T his  s ta tem en t  i s
execu ted  a t  output o n ly .
% COPY n
O
where n i s  ar^  i n t e g e r .
This s ta tem en t i s  used in  a s s o c i a t i o n  w ith  th e  SAVE/ENDSAVE 
s ta te m e n ts  and ca u ses  the  c o n te n t s  o f  SAVE b lo ck  n to  be co p ie d  
in t o  the  output s t a c k .
7 .8  DEPOSIT
Copy, s t a r t i n g  a t  th e  f i r s t  a v a i la b le  ' u n f i l l e d '  c h a r a c te r  
p o s i t i o n  o f  S tr in g  v a r ia b le  Sn, the  c o n te n ts  o f  a r e fe r e n c e d  
m acro-tim e v a r ia b le ,  the  c o n te n t s  o f  another  S t r in g  v a r i a b l e ,  
o r d in a ry  t e x t  or a com bination  o f  any o f  t h e s e .  S t r in g  v a r ia b le  
i s  f i l l e d  from l e f t  to  r i g h t .
% DEPOSITn ( c h o i c e / /  
where n = 0 ,  1 ,  2 ,  . . .
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The e f f e c t  o f  t h i s  s ta tem en t i s  to  copy a l l  th e  in fo rm a tio n  i n ,  
or r e fe r e n c e d  by, c h o ic e  in t o  ( i )  the  s t r i n g  v a r ia b le  Sn when 
n 1 , 2 ,  . . . ,  or in t o  ( i i )  th e  output b u ffe r  when n=0. The 
s ta tem en t  must be term in ated  by a ' / ’• c h a r a c te r ,  th e  s i g n i f i c a n c e  
o f  which becomes c l e a r  a s  ( c h o ic e /  i s  d e f in e d .
, ( c h o i c e / :  :=<piacro-time var i a b l g / | ^ t r i n g / |  ( s t r i n g  v a r ia b le / j  
(ch o ice /< m a cro -t im e  v a r ia b le /1  ( c h o i c e / ( s t r i n g > j  
( c h o i c e / ( s t r i n g  v a r i a b l e /
( s t r i n g / :  (any com bination o f  the ICL 64 ch a r a cter  s e t
e x c lu d in g  / ) .
The o n ly  l i m i t a t i o n  i s  th a t  th e  t o t a l  number o f  c h a r a c te r s  
( 2 )  DEPOSITed in tq  th e  S t r in g  V ar iab le  r e fer en ce d  must not exceed
72 . As w ith  QALLCOPY each c h a r a c ter  in  ( s t r i n g i s  r e p la c e d  by 
a  space  c h a r a c te r .  .y-
7 .9  ENDSAVE
Terminate th e  e f f e c t  o f  th e  SAVE sta tem en t ( s e e  b e lo w ) .
7 .1 0  EXIT
Stop th e  e v a lu a t io n  o f  th e  cu rren t e x p a n s io n . T his  has the
same e f f e c t  a s  the  system  macro %END. (See Appendix I  S e c t io n  5
fo r  d e t a i l s ) •
7 .11  GOTO
T ran sfer  c o n t r o l ,  u n c o n d i t io n a l ly ,  to  th e  l a b e l l e d  m acro-tim e  
: s ta te m e n t .  Label may be e i t h e r  e x p l i c i t l y  s p e c i f i e d  or h e ld  i n  .a 
r e fe r e n c e d  m acro-tim e v a r ia b le .




7 .1 2  IF
T ran sfer  c o n t r o l  i f  th e  r e l a t i o n  s p e c i f i e d  i s  t r u e .  (See  
Appendix I  S e c t io n  5 fo r  d e t a i l s ) .
7 .1 3  LABELOFF
Suspend p r o c e s s in g  p o s i t i o n s  1-6  o f  a l l  th e  fo l l o w in g  record s;  
s im p ly  copy t h e i r  c o n te n t s  unchanged.
7 .1 4  LABELON
N u l l i f y  th e  fu n c t io n  o f  an e a r l i e r  LABELOFF s ta te m e n t .
7 .1 5  note
This s ta tm en t has no e f f e c t .  P r o c e s s in g  s im p ly  c o n t in u e s  a t  
the  n e x t  s ta te m e n t .  T his  s ta tem en t i s  used to document macro 
d e f i n i t i o n s .
7 .1 6  OBEY
T ran sfer  c o n t r o l ,  u n c o n d i t io n a l ly ,  to  a s p e c i f i e d  l a b e l l e d  
s ta te m e n t ,  and s e t  a second l a b e l  in t o  a RETURN word.
% OBEY (L abel 1> , <^abel 2>
( 2 )  where (L abel l / i s  a l a b e l  on th e  f i r s t  s ta tem en t o f  the  r o u t in e .
( . a b e l  2 /  i s  used in  c o n ju n c t io n  w ith  a RETURN sta tem en t  to  have  
th e  e f f e c t  o f  an u n c o n d it io n a l  jump s ta te m e n t .
7 .1 7  READ ’*
Read a r e c o r d ,  from th e  t e l e t y p e  or th e  card r e a d e r ,  in t o  
th e  m acro-tim e in p u t  b u f f e r .
7 .1 8  READ
Read th e  c o n te n t s  o f  th e  S t r in g  V a r ia b le  i^ Sn in t o  t h e  macro­
tim e in p u t  b u f f e r .  # Sn i s  then  empty.
20
7 .1 9  RESET
R eset the  r e fe r e n c e d  S t r in g  v a r ia b le  rqady fo r  f i l l i n g  i t  up 
s t a r t i n g  from i t s  f i r s t  c h a ra c ter  p o s i t i o n .  ' '
% RESET #Sn
where n i s  the number o f  the  S t r in g  v a r ia b le .
7 .2 0  RETURN
Branch back to  the s ta tem en t l a b e l l e d  w ith  the  l a b e l  
( l a b e l  2/  h e ld  in  th e  corresp on d in g  OBEY s ta te m e n t .
7 .2 1  SAVE
(2 3  Suspend sen d in g  th e  f o l lo w in g  generated  reco rd s  in t o  the
expansion  s ta c k  u n t i l  an ENDSAVE sta tem en t i s  en co u n tered .
I n s te a d ,  s t o r e  th e s e  reco rd s  in  r e fer en ce d  SAVE-block a t  th e  end 
o f  th e  cu rren t expansion  s t a c k .
% SAVE n
where n i s  the number o f  the SAVE-block.
7 .2 2  SQUASH
Squash a l l  th e  sp a ces  out o f  the cu rren t c o n te n t s  o f  th e
in p u t  b u f f e r .  S to re  th e  ch a r a c ter  count o f  th e  r e s u l t a n t  c o n te n t s
o f  the in p u t  b u f fe r  in  r e se rv e d  g lo b a l  v a r ia b le  STC.
7.23  t e s t  fu n c t io n
T est tha c o n te n t s  o f  a s p e c i f i e d  m acro-tim e v a r ia b le  to  
conform w ith  the fu n c t io n  s p e c i f i e d  and s e t  th e  g lo b a l  v a r ia b le  
in d ic a t o r  T8T,
% T E S T (fun ction / (m -t .  v b le )  
where (T u n c t lo n / : :«= DIGT (meaning s i n g l e  d i g i t )
::=  LETR (meaning s i n g l e  a lp h a b e t)
;:=  INTG (meaning in t e g e r  v a lu e )
O
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REAL (meaning r e a l  v a lu e )
The e f f e c t  o f  any o f  th e s e  s ta te m e n ts  i s  to t e s t  th a t  the  v a lu e  
o f  th e  macror-time: v a r ia b le  r e fe r e n c e d  conforms to the  p ro p er ty  a s  
s p e c i f i e d  by ( f u n c t i o n / # I f  the t e s t  f a i l s  r e se rv e d  v a r ia b le  TST 
i s  s e t  equal to  1 , o th e r w ise  i t  remains z e r o ,  
e . g ,  % TESTDIGT(i^VAL)
7 .2 4  WRITE
Output the  cu rren t  c o n te n ts  o f  th e  m acro-tim e ou tp u t b u f fe r  
on to  th e  te r m in a l ,  or l i n e  p r i n t e r .
O  7 .2 3  WRITE /^ n
S to re  the cu rren t  c o n te n ts  o f  the m acro-tim e in p u t  b u f f e r  
in  the  r e fer en ce d  S t r in g  v a r ia b le  ;f6n.
7 .2 6  WRITEOFF “
T his s ta tem en t s e t s  the t r a n s la t o r  d ia lo g u e  in t o  s i l e n t  
mode, i . e .  i t  su p p r e s se s  w r i t t e n  m essages .
7 .2 7  WRITEON
This s te tem en t  w i l l  s e t  th e  t r a n s la t o r  d ia lo g u e  in t o  i t s  
normal mode, i^ e .  i t  w i l l  n u l l i f y  the  e f f e c t  o f  th e  WRITEOFF 
m acro-tim e s ta tem en t or th e  %QUIET system  command and a l lo w  
w r it t e n  m essages to  be i s s u e d .
oo
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8 .  RESERVED GLOBAL VARIABLES
The f o l lo w in g  v a r ia b le s  are  reserv ed  w ith in  the system .
Their  u s e s  and th e  s ta te m e n ts  which e f f e c t  each e r e  in d ic a t e d .
They are  l i s t e d  below in  a lp h a b e t ic a l  o rd er .
GAL -  ( s ta n d s  fo r  CALL) h o ld s  a count o f  the number o f  c a l l s  so 
fa r  p r o c e s se d .  I t s  va lu e  i s  unique to  each macro c a l l .
COT -  ( s ta n d s  fo r  C haracter CounT) h o ld s  the number o f  c h a r a c te r s  
found by th e  CALLVSTR sta tem en t b e fo re  th e  (marker/ 
s p e c i f i e d  fo r  i t  i s  en countered .  
o i  CCT( 8
DBF -  ( s ta n d s  fo r  D E F in ition ) h o ld s  the sequence number o f  th e  
cu rren t macro d e f i n i t i o n .  I t s  va lue  i s  unique to  each  
macro d e f i n i t i o n .
FLA -  ( s ta n d s  fo r  FLAg) s e t  equal to  1 or 0 depending on whether  
the marker s p e c i f i e d  fo r  th e  CALLVSTR s ta tem en t  has been  
encountered  or n o t .
INP “ ( s ta n d s  fo r  INPut b u f fe r )  p o in t s  a t  a ch a r a c ter  p o s i t i o n  
w ith in  the m acro-tim e in p u t b u f f e r .  I t  i s  used by th e  
GALLFSTR and CALLVSTR s ta te m e n ts  when th e s e  are  not  
e x p l i c i t l y  param etized . READ s e t s  INP = 1 .
1 ^ INP ^72
MAS -  ( s ta n d s  fo r  MASk) h o ld s  th e  ^marker^ to  be used w ith  th e  
CALLVSTR s ta tem en t when the  l a t t e r  i s  n ot e x p l i c i t l y  
p aram etized .
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OUP -  ( s t a n d s  f o r  O U tP u t )  p o i n t s  a t  a c h a r a c t e r  w i t h i n  t h e
m a c r o - t i m e  o u t p u t  b u f f e r .  I t  i s  u s e d  by  t h e  CALLCOPY an d  
CALLFSTP s t a t e m e n t s  when t h e s e  a r e  n o t  e x p l i c i t l y  
p a r a m e t i z e d .  V/PITE s e t s  GUP = 1.
1 ^ 0UP^ 7 2
SPC -  ( s t a n d s  f o r  S PaCes)  h o l d s  8 ' s p a c e *  c h a r a c t e r s  an d  may be  
u s e d  w i t h  t h e  I F  s t a t e m e n t .
4 .'
STC -  ( s t a n d s  f o r  S T r i n g  C o u n t )  h o l d s  a c o u n t  o f  t h e  number  o f
c h a r a c t e r s  o f  t h e  c u r r e n t  c o n t e n t s  o f  t h e  m a c r o - t i m e  i n p u t  
b u f f e r .  READ s e t s  STC = 0 .
0 ^  STC ^  72
TST -  ( s t a n d s  f o r  TeST) s e t  e q u a l  t o  1 o r  0 d e p e n d i n g  on w h e t h e r  
one  o f  t h e  TEST ( f u n c t i o n /  s t a t e m e n t s  r e t u r n s  a ’ Y e s ’ o r  




9 .  ERROR MESSAGES
E r r o r s  a r e  g e n e r a t e d  i n  t h e  fo rm:
ERROR NO n
w here  n i s  an  i n t e g e r  d e f i n i n g  t h e  t y p e  o f  e r r o r  w h ich  h a s  b e e n  
f o u n d .  D e f i n i t i o n  e r r o r s  w i l l  c a u s e  an  e r r o r  number  t o  b e  o u t p u t  
an d  t h e  e r r o n e o u s  r e c o r d  d i s c a r d e d . .  P r o c e s s i n g  e r r o r s  w i l l  c a u s e  
e x p a n s i o n  o f  t h e  c u r r e n t  macro  d e f i n i t i o n  t o  b e  t e r m i n a t e d  a n d  t h u s  
no o u t p u t  w i l l  be  g e n e r a t e d  f rom  t h i s  m a c ro .  O n ly  one  e r r o r  p e r  one 
i n p u t  r e c o r d  i s  f l a g g e d ,  b u t  more t h a n  one e r r o r  may b e  f l a g g e d  i n  
a d e f i n i t i o n .
1 -  I n i t i a l  /^MACRO e i t h e r  o m i t t e d  o r  i n c o r r e c t
2 -  P a r a m e t e r s  i n  i n i t i a l  /oMACRO i n  e r r o r
3 -  P o i n t e r  t a b l e  f u l l
4 -  E i t h e r  name o r  d e f i n i t i o n  s t a c k s  f u l l
5 -  L a b e l  t a b l e  f u l l
10 -  S h o u ld  n o t  o c c u r
11 -  Macro c a l l  c a n n o t  b e  m a t c h e d
12 -  More t h a n  t h r e e  s e p a r a t o r s  a r e  u s e d  a s  e l e m e n t  s e p a r a t o r s
i n  a r g u m e n t
20 -  U n b a l a n c e d  m a c r o - c a l l s  i n  d e f i n i t i o n
21 -  Argument r e f e r e n c e  number i n  t h e  d e f i n i t i o n  i s  i n c o r r e c t
22 -  U n b a l a n c e d  n e s t e d  c a l l s
23 -  I n c o r r e c t  a r g u m e n t  f o r m a t  i n  d e f i n i t i o n
24 -  E l e m e n t  s p e c i f i c a t i o n  r e f e r e n c e  i s  o u t s i d e  t h e  p o s s i b l e  r a n g e
23 -  T e x t  v a r i a b l e  u s e d  a s  a e l e m e n t  r e f e r e n c e
26 -  S econd  © c h a r a c t e r  o m i t t e d  i n  d e f i n i t i o n
30  -  A t t e m p t  made t o  p e r f o r m  a n u m e r c i a l  o p e r a t i o n  on a t e x t  v a r i a b l e
. 1
31 -  Argument e l e m e n t  i n  I F  s t a t e m e n t  i s  o u t s i d e  t h e  p o s s i b l e  r a n g e
32  -  I n c o m p a t i b l e  p a r a m e t e r s  i n  an  I F  s t a t e m e n t
40  -  I n c o r r e c t  a r g u m e n t  f o r m a t  i n  macro  name
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41 -  I n c o r r e c t  f o r m a t  o f  s t a t e m e n t
42  -  L a b e l  d e f i n e d  t w i c e
43 -  I n c o r r e c t  v a r i a b l e  f o r m a t
44 -  Symbol t a b l e  f u l l
43 -  S t a t e m e n t  d o e s  n o t  e x i s t
46 -  S t r i n g  v a r i a b l e s  e x h a u s t e d
47 -  C h a r a c t e r  s t r i n g  t o o  l o n g  ( / 7 2 )
50 -  S t r i n g  v a r i a b l e  d o e s  n o t  e x i s t
31 -  S u r p l u s  EI\^DSAVE s t a t e m e n t
32 -  SAVE-block  r e f e r e n c e d  d o e s  n o t  e x i s t  
60 -  I n c o r r e c t  l a b e l  i n  OBEY s t a t e m e n t
(23  61 -  C h a r a c t e r  p o s i t i o n  r e f e r e n c e d  w i t h i n  S tr in g  v a r i a b l e  o r
INBUFF beyond  b o u n d s
62 -  C h a r a c t e r  t r a n s f e r  by  CALLFSTR /  8
63 -  C h a r a c t e r  t r a n s f e r  by  CALLCOPY / 2 0
64 -  OUTBUFF o v e r - f u l l  ( / ? 2  c h a r a c t e r s )
63 -  I F  s t a t e m e n t  w r o n g l y  ended
70 -  F i l e  r e f e r e n c e d  c a n n o t  be  o p e n e d
71 -  E r r o r  i n  SAVE o r  FILE modes s p e c i f i e d
72 -  I n c o r r e c t  f o r m a t  o f  SAVE o r  FILE commands
73 -  S u b f i l e  r e f e r e n c e d  c a n n o t  be  o pened
74 -  E r r o r  i n  w r i t i n g  i n t o  s u b f i l e  
73 -  I n c o r r e c t  f o r m a t  o f  LOAD command 
76 -  I n c o r r e c t  f o r m a t  o f  PRINT command
O
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T his  appendix g iv e s  a b r i e f  summary o f  th o se  F i l e t a b 
language f e a t u r e s  implemented in  t h i s  stud y  and i s  based on 
in fo rm a tio n  e x tr a c te d  from the NCC F i le t a b  manual [ ? ] •  The 
m a t e r ia l  i s  su b d iv id ed  in t o  th re e  s e c t io n s :
1 .  - C l a s s i f i c a t i o n  o f  d ata .
/ \ - 2 .  F ie ld  D e s ig n a t io n ,  C ontrol l e v e l s  and Report Page
w idth .
5* D ir e c t iv e  and Parameter form ats .
O
o1 . CLASSIFICATION OF DATA        ■
F i l e t a b  c l a s s i f i e s  data f i e l d s  in t o  th r e e  ty p e s  (CONTROL, 
TOTALLING an(  ^ TRANSFER), and u s e s  a s in g l e  c h a r a c ter  to  i d e n t i f y  
both  the  f i e l d  and the f i e l d  type (Appendix I I  S e c t io n  2 ) .  
TRANSFER f i e l d s  are  th o se  which are  tr a n s fe r r e d  d i r e c t  from the  
in p u t f i l e  to  the p r in te d  r e p o r t .  A TOTALLING f i e l d  i s  a numeric  
f i e l d  fo r  which i t  i s  d e s ir e d  to accumulate t o t a l s .  CONTROL 
f i e l d s  are  used to  c o n tr o l  the accum ulation  o f  t o t a l s  a n d /o r  the  
la y o u t  o f  the r e p o r t .  C ontrol f i e l d s  are th e  sequence key  f i e l d s  
o f  the  in p u t f i l e  and use o f  them perm its  the p r in t in g  o f  t o t a l s  
and new head in gs when a sequence break occu rs  in  a non—minor key  
f i e l d .  For example, in  the f o l l o w in g  reco rd s  sequenced on th ree  
k ey  f i e l d s  sequence breaks occu r  between the  r eco rd s  marked w ith  
an arrow.
O












2 .  FIELD DESIGNATION, CONTROL LEVELS AND REPORT PAGE WIDTH
2 . 1  FIELD SPECIFYING CHARACTERS
T h e s e  c h a r a c t e r s  a r e  u s e d  to  name a f i e l d  i n  a r e c o r d  an d  to  
s p e c i f y  t h e  way i n  w h ich  a f i e l d  i s  t o  be u s e d .  They  f a l l  i n t o  
t h r e e  g r o u p s  -  t r a n s f e r ,  c o n t r o l  an d  t o t a l l i n g .  The *INL 
d i r e c t i v e  p a r a m e t e r s  a r e  u s e d  t o  name e a c h  d a t a  f i e l d  r e q u i r e d  t o  
p r o d u c e  t h e  r e p o r t  by  a s s o c i a t i n g  i t  w i t h  a c h a r a c t e r  f rom t h e  
a p p r o p r i a t e  g r o u p .
2 . 1 . 1  C o n t r o l  f i e l d s
(22  Up t o  s i x  c o n t r o l  f i e l d s  a r e  p e r m i t t e d  a n d  a r e  r e p r e s e n t e d
by  t h e  c h a r a c t e r s  M N 0 P Q R. K d e n o t e s  t h e  l o w e s t  o r  m i n o r  
c o n t r o l  l e v e l ,  w h i l e  R d e n o t e s  t h e  h i g h e s t  o r  m a j o r  c o n t r o l  l e v e l .  
S t a r t i n g  w i t h  M t h e s e  c h a r a c t e r s  m u s t  be u s e d  c o n s e c u t i v e l y  foi* 
many l e v e l s  a s  a r e  r q u i r e d .  Thus i f  o n l y  t h r e e  c o n t r o l  f i e l d s  a r e  
r e q u i r e d  o n l y  M, N an d  0 a r e  u s e d .
2 . 1 . 2  C o n t r o l  l e v e l s
I n  a d d i t i o n  t o  t h e  s i x  c o n t r o l  f i e l d s  d e f i n e d  by  t h e  a b o v e  
^22 c h a r a c t e r  g r o u p ,  t w o ' f u r t h e r  l e v e l s  , L an d  F ,  a r e  d e f i n e d .  L
d e n o t e s  l i s t  l e v e l  c o n t r o l ,  t h e  l o w e s t  l e v e l  o f  c o n t r o l  w h ich  may 
be  t h o u g h t  o f  a s  a c o n t r o l  f i e l d  w h ich  c h a n g e s  f o r  e v e r y  r e c o r d  
l i s t e d .  F d e n o t e s  f i n a l  l e v e l  c o n t r o l ,  t h e  h i g h e s t  c o n t r o l  l e v e l  
a s s o c i a t e d  w i t h  a r e p o r t ,  w h ich  o p e r a t e s  when g r a n d  t o t a l s  a r e  
p r i n t e d  a t  t h e  end o f  t h e  r e p o r t .
2 . 1 . 3  T o t a l l i n g  f i e l d s
A maximum o f  t e n  t o t a l l i n g  f i e l d s  a r e  a l l o w e d  f o r  t h e  
a c c u m u l a t i o n  o f  d e c i m a l  d a t a  and  on e  o f  t h e  c h a r a c t e r s  0 1 2 3 4 3 
6 7 8 9 0 i s  u s e d  t o  i n d i c a t e  s u c h  a f i e l d .
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2 . 1 . 4  T r a n s f e r  f i e l d s
T h e r e  may be  a s  many a s  t e n  t r a n s f e r  f i e l d s  an d  t h e s e  a r e  
d e n o t e d  by  a c h a r a c t e r  f rom t h e  f o l l o w i n g  s e t :
A B C D E G H I J K
2 . 2  REPORT PAGE WIDTH
F i l e t a b  r e p o r t s  may h a v e  an  o u t p u t  l i n e  o f  up  t o  160 
c h a r a c t e r s ,  t h e  p r a c t i c a l  l i n e  l e n g t h  d e p e n d i n g  on t h e  number  o f  
p r i n t  p o s i t i o n s  on . t h e  l i n e  p r i n t e r .  The l a y o u t  o f  t h e  p r i n t e d  
l i n e  i s  d e f i n e d  by  p a r a m e t e r  r e c o r d s  where  one  c h a r a c t e r  p o s i t i o n  
i s  u s e d  t o  r e p r e s e n t  one p r i n t  p o s i t i o n .  S i n c e  l i n e  p r i n t e r s  hav e  
i n  e x c e s s  o f  80 p r i n t  p o s i t i o n s ,  up  t o  two i n p u t  r e c o r d s  a r e  
r e q u i r e d  t o  d e s c r i b e  a l i n e  o f  p r i n t .
An a t t e m p t  by  a COBOL p ro g ram  t o  p r i n t  a l i n e  l o n g e r  t h a n  
t h e  number  o f  p r i n t  p o s i t i o n s  a v a i l a b l e  on t h e  p r i n t e r  c a u s e s  an  
u n w a n te d  d i a g n o s t i c  m e s s a g e .  The l i n e  p r i n t e r  a t  t h e  i n s t a l l a t i o n  
w here  t h e  t r a n s l a t i o n  m a c ro s  were  d e v e l o p e d  had  t h e  p o p u l a r  120 
c h a r a c t e r s  p e r  l i n e  f a c i l i t y ,  so t h i s  was a d o p t e d  a s  t h e  maximum 
l i n e  w i d t h  f o r  t h e  g e n e r a t e d  COBOL p ro g ra m .
The macro p r o c e s s o r  u s e d  a s  a b a s i s  f o r  t h e  COBOL g e n e r a t i o n  
f e a s i b i l i t y  e x e r c i s e  was d e s i g n e d  f o r  i n t e r a c t i v e  t e r m i n a l  u s e  an d  
had  a n  i n p u t  b u f f e r  r e s t r i c t e d  t o  a maximum o f  72 c h a r a c t e r s .
The c o m b i n a t i o n  o f  t h e  ab o v e  two f a c t o r s  made i t  n e c e s s a r y  
t o  r e s t r i c t  F i l e t a b  p a r a m e t e r  r e c o r d s  t o  72 c h a r a c t e r s  a n d  t o  u s e  
48 c h a r a c t e r s  f rom a s e c o n d  p a r a m e t e r  r e c o r d  f o r  p r i n t  p o s i t i o n s  
73 t o  120 .
3. DIRECTIVE AND PARAMETER FORMATS
3 .1  *FILE DIRECTIVE
The *FILE d i r e c t i v e  i s  used to d e sc r ib e  the  nature o f  the  
in p u t  f i l e  tq the  system* The f o l lo w in g  format shows the  o p t io n s  
implemented 4.11 t h i s  s tudy:
•FILE p e r ip h e r a l-c o d e  f i le -n a m e
p e r ip | ie r a l-c o d e  i s  a two ch a ra cter  code b e in g  one o f  the  
- - -  f o l lo w in g :
MT Magnetic tape  
CR Card reader
(22 file-i^am e i s  the name o f  the inp ut data f i l e ,  The f i l e ­
name i s  o p t io n a l  fo r  card in p u t but mandatory  
fo r  m agnetic ta p e .
N.B.  I f  the f i le -n a m e  fo r  m agnetic tape i s  l e f t  
-, blank the COBOL gen erator  w i l l  assume th a t  the
' f i l e  l a b e l  c o n ta in s  blanks and w i l l  a s s ig n  a
d e f a u l t  f i l e  name in  the COBOL program. A 
maximum o f  12 c h a r a c ter s  i s  p e r m itted .  The 
f i l e -n a m e  may be term inated  by a comma i f  i t  i s  
l e s s  than 12 c h a r a c te r s  lo n g .O
3 .2  *INL DIRECTIVE
This d i r e c t i v e  p reced es  th e  parameter rec o r d s  which  
a s s o c i a t e  a f i e l d  s p e c i f y i n g  ch a r a cter  w ith each o f  the r e q u ir ed  
data f i e l d s .  They d e f in e  th e  way in  which each f i e l d  i s  to  be 
p ro cessed  in  order to produce the d e s ir e d  r e p o r t .
3 . 2.1 *INL parameter reco rd s
The e n t r i e s  in  th e  parameter record s  are  sep a ra ted  by commas 
and th e  n ex t  d i r e c t i v e  te r m in a te s  the  l i s t .  For th e  p u rp oses  o f
oo
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t h i s  s tu d y  i t  was assumed th a t  no in d iv id u a l  en tr y  overf lo w ed  on 
to  the  n ex t  parameter r e c o r d .
The e n t r i e s  take the form:
FSC FD '
where FSC i s  the r e le v a n t  f i e l d  s p e c i f y in g  ch a r a c ter  (Appendix I I
S e c t io n  2 . 1 )  and FD i s  the  f i e l d  d e f i n i t i o n  which g iv e s  th e  s t a r t
p o s i t i o n  and e i t h e r  le n g th  or  end p o s i t i o n  o f  th e  f i e l d .
3 . 2 . 2  F ie ld  d e f i n i t i o n s
A l l  f i e l d s  i n  a record  are  r e fer en ce d  by t h e i r  s t a r t  
p o s i t i o n  r e l a t i v e  to  the  s t a r t  o f  the  r e c o r d .  The f i r s t  c h a r a c ter  
o f  the record  i s  a s s ig n e d  p o s i t i o n  z e r o .
The F ie ld  d e f i n i t i o n  may take e i t h e r  o f  th e  fo l l o w in g  forms: 
S-E or S/L
where
S S t a r t  p o s i t i o n  o f  t h e - f i e l d  
E End p o s i t i o n  o f  the  f i e l d
L Length o f  the f i e l d  
The p o s i t i o n s  and le n g th s  are  d e f in e d  in  terms o f  ch a r a c ter  
p o s i t i o n  r e f e r e n c e s .
No attem pt was made in  t h i s  s tu d y  to  implement th e  F i l e t a b
Card Column n o t a t io n  and the  above forms were a p p l ie d  to  b o th
m agnetic tape and c a r d s .
3.3 'TITLE DIRECTIVE
T his d i r e c t i v e  i s  the f i r s t  o f  th ree  a s s o c i a t e d  w ith  the  
r ep o r t  format s p e c i f i c a t i o n .  I t  p recedes  the  parameter r e c o r d s  
c o n ta in in g  tl^e t e x t  o f  a main head in g  to  be p r in t e d  on th e  f i r s t  
page o f  the  r e p o r t .
oo
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The f o r m a t  o f  t h i s  d i r e c t i v e  i s :
♦TITLE b,a
where b is the number of lines to be thrown before the print 
line(s) and a is the number of lines to be thrown after the print 
line(s) .
b and a are unsigned integers and either b or a may be 
omitted in which case the default values 1 and 3 are respectively 
assigned to them.
3.3*1 *TITLE parameter records
The parameter records which follow the ♦TITLE directive may 
specify any number of lines called a ’print group’. Each 120 
character print line requires two input records, the first 
contains 72 characters and the second the remaining 48 characters. 
Where an odd number of records is presented the last line is _ 
assumed to contain spaces beyond the first 72 print positions.
3.4 *HEAD DIRECTIVE
This directive precedes the parameter records containing 
the text to be printed as a heading at the head of every page or 




control-level indicates the heading group which will be
printed at a break in the given control field
and will be a single character from the set 
L M K 0 P Q R
b ,8 are the number of lines to be thrown before
and after the page heading
oo
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p i s  the  maximum number o f  l i n e s  to  be p r in te d
between o ccu ren ces  o f  the h ea d in g . In t h i s  
s tu d y  i t  i s  used a t  l i s t  l e v e l  L. 
b , a end p e re  un sign ed  i n t e g e r s .
Parameters may be om itted  from r ig h t  to  l e f t ,  in te r m e d ia te  
param eters may n o t ,  however, be o m it te d .  The d e f a u l t  v a lu e s  
a s s ig n e d  a t  m is s in g  c o n t r o l - l e v e l ,  b , a and p param eters are  
L, 1 , 3 and 60 r e s p e c t i v e l y .
3 . 4 . 1  *HEAD parameter record s
The parameter rec o r d s  which fo l lo w  th e  *HEAD d i r e c t i v e  are  
a s  fo r  the  *fITLE parameter reco rd s  (Appendix I I  S e c t io n  3*3*1)*
3 . 3  'OUT DIRECTIVE
T his d i r e c t i v e  p reced es  parameter reco rd s  g iv in g ,  in  p ic t u r e  
form at, an ig a g e  o f  the  p r in t  l i n e ( s )  req u ired  fo r  the main body 
o f  th e  report*
A parameter s e t  must be s p e c i f i e d  fo r  each p r in t  group to  be 
p r in te d  a t  a c o n tr o l  break, in c lu d in g  L i s t  and F in a l  l e v e l s .
The format o f  t h i s  d i r e c t i v e  i s :
■ ■ ‘ ' ■
*OUT c o n t r o l - l e v e l  b ,a
where
c o n t r o l - l e v e l  i n d i c a t e s  the output group which w i l l  be
p r in te d  a t  a break in  th e  g iv en  c o n t r o l  f i e l d  
and i s  a s i n g l e  ch a ra cter  from the s e t  
L M N 0 P Q R F
b ,a  are  the  number o f  l i n e s  to  be thrown b e fo r e
end a f t e r  the  p r in t  group has been p r in t e d ,
b and a are  unsigned  i n t e g e r s .
Param eters may be o m itted  from r ig h t  to  l e f t ,  in t e r m e d ia t e  
param eters may n o t ,  however, be o m it te d .  The d e f a u l t  v a lu e s
oo
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a s s ig n e d  to the m is s in g  param eters fo r  c o n t r o l - l e v e l ,  b and a are  
L, 1 and 3 r e s p e c t i v e l y .  ^
3*3*1 *OUT parameter record s
In common w ith  o th er  d i r e c t i v e s  whose parameter reco rd s  
s p e c i f y  p r in t  l i n e  form ats , two reco rd s  per l i n e  are  used  
(Appendix I I  S e c t io n  3*3*1)* Text may be in c lu d e d  in  the  p r in t  
l i n e  by e n c lo s in g  a l i t e r a l  w ith in  s i n g l e  q u o ta t io n  marks. The 
f i e l d  s p e c i f y in g  ch a r a c ter  i s  en tered  in  the record  p o s i t i o n s  in  
which i t  i s  d e s ir e d  th a t  the f i e l d  c o n te n ts  shou ld  be p r in t e d .
3*6 * COMMENT DIRECTIVE
A F i l e t a b  comment d i r e c t i v e  c o n s i s t s  o f  an * fo l lo w e d  by a 
space  and the d e s ir e d  comment. Such d i r e c t i v e s  may precede any  
o th er  d i r e c t i v e .
For the purposes o f  t h i s  s tu d y  th ey  s e r v e  two f u n c t io n s  in  
the  generated  program:
1.' The c h a r a c te r s  from p o s i t i o n s  3 to  6 in  the f i r s t  
comment record  are  used a s  the program -id . A d e f a u l t  program -id  
i s  a s s ig n e d  i f  no comment d i r e c t i v e s  are in c lu d e d  in  the in p u t .
2 .  The t e x t  from a l l  comment d i r e c t i v e s  i s  formed i n t o  a 
NOTE paragraph a t  th e  b eg in n in g  o f  the Procedure d i v i s i o n  o f  th e  
COBOL program.
3 . 7  *G0 DIRECTIVE
'
The *G0 d i r e c t i v e  term in a tes  the F i l e t a b  parameter s e t  and 
i n d i c a t e s  to  the macro d e f i n i t i o n  th a t  the g e n e r a t io n  o f  th e  
COBOL program s ta te m e n ts  may be com pleted .
-j ■ " -
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APPENDIX I I I  
MACRO PROCESSING OF FILETAB DIRECTIVES
T his appendix  c o n ta in s  n o te s  on the p r o c e s s in g  used to  
g e n era te  COBOL s ta te m e n ts  from th e  F i l e t a b  d i r e c t i v e s .  L i s t i n g s  o f  
the  m acro-tim e s ta te m e n ts  used are  in c lu d ed  in  th e  sep a ra te  f o ld e r  
(I tem s 4 to  10)* D e t a i l s  o f  the  s p e c i a l  purpose s t r i n g  and g lo b a l  
v a r ia b le s  used to ca rry  in fo rm a tio n  from phase 1 to  phase 3 o f  the  
system  v ia  the CONSTANTS macro are a l s o  in c lu d e d .  The m a t e r ia l  i s  
p resen ted  in  the  f o l lo w in g  order;
1 . S p e c ia l  purpose s t r i n g  and g lo b a l  v a r ia b le s
2 .  * comment d i r e c t i v e
3.- *FILE d i r e c t i v e
4 .  *INL d i r e c t i v e .
5 .  'TITLE d i r e c t i v e
6 .  'HEAD d i r e c t i v e
7 .  'OUT d i r e c t i v e
8 .  'GO d i r e c t i v e
oo
1 .  SPECIAL PURPOSE STRING AND GLOBAL VARIABLES
The f o l lo w in g  v a r ia b le s  are  used in  th e  CONSTANTS macro to
p ass  in fo rm a tio n  from phase 1 to  phase 3 o f  the  F i l e t a b  to  COBOL
g e n e r a t in g  system ;
-  Contains th e  F i l e  name used in  the COBOL F i l e  d e f i n i t i o n .
/^ 0 7  -  C ontains the  Label o p t io n  c la u s e  fo r  use  in  the  COBOL
F i l e  d e f i n i t i o n .
^HEAD -  C ontains th e  c o n tr o l  l e v e l  c h a r a c ter s  o f  th o se  l e v e l s  fo r  
which head in gs  are  to  be g en era ted .
^ S O I  -  Sw itch  used to  in d ic a t e  whether or not COBOL s ta te m e n ts
were gen erated  fo r  the NOTEPARA macro.
i ^ S 0 3  * Sw itch  used to  in d ic a t e  whether or n o t  COBOL s ta te m e n ts
were gen era ted  fo r  the  TITLEPAR macro.
-  Switch used to  in d ic a t e  whether or n o t  COBOL s ta te m e n ts  
were gen era ted  fo r  th e  FINALPAR macro.
;ÿ(jtS15 -  Sw itch used  to i n d ic a t e  whether or not COBOL s ta te m e n ts
were gen era ted  fo r  the  ADDPARA macro.
f^taOUT -  C ontains th e  c o n t r o l  l e v e l  c h a r a c ter s  o f  th o se  l e v e l s  
fo r  which ou tp u t i s  to  be w r i t t e n .
Contain th e  hardware name fo r  th e  p e r ip h e r a l  to  be used
^ V 1 2 J  fo r  th e  in p u t  data f i l e
o3
; ^ V 2  -  C o n t a i n s  t h e  f o u r  c h a r a c t e r s  t o  be u s e d  a s  t h e  COBOL
p ro g ra m  i d e n t i f i c a t i o n
-  C o n t a i n s  t h e  maximum number  o f  l i n e s  t o  a p p e a r  on a 
r e p o r t  p a g e .
2 .  * COMMENT DIRECTIVE
T h i s  i s  a n  o p t i o n a l  d i r e c t i v e  b u t ,  i f  p r e s e n t  i n  a F i l e t a b  
j o b ,  i t s  c o n t e n t s  a r e  fo rm e d  i n t o  a COBOL NOTE s t a t e m e n t .  S i n c e  
i n  COBOL a n y  p a r a g r a p h  w h ic h  b e g i n s  w i t h  a NOTE i s  t a k e n  t o  
c o n s i s t  e n t i r e l y  o f  co m m e n ta ry ,  a s p e c i a l  NOTE-PARA p a r a g r a p h  
i s  c r e a t e d  a t  t h e  b e g i n n i n g  o f  t h e  P r o c e d u r e  d i v i s i o n  f o r  t h i s  
p u r p o s e .
The f i r s t  comment d i r e c t i v e  i n i t i a t e s  t h e  g e n e r a t i o n  o f  t h e  
NOTE-PARA p a r a g r a p h  name a n d  t h e  NOTE s t a t e m e n t .  The c h a r a c t e r s  
i n  p o s i t i o n s  3 t o  6 o f  t h e  * comment r e c o r d  a r e  u s e d  t o  o v e r r i d e  
t h e  d e f a u l t  v a l u e  s e t  f o r  t h e  p r o g r a m  i d e n t i f i c a t i o n .  A g l o b a l  
v a r i a b l e  ;fGS01 i s  s e t  e q u a l  t o  1 t o  d e n o t e  t h e  p r e s e n c e  o f  a 
NOTE s t a t e m e n t .  G l o b a l  v a r i a b l e  i s  u s e d  t o  s t o r e  t h e  p r o g r a m
i d e n t i f i c a t i o n .
( 2 )  The comment s t a t e m e n t  may c o n s i s t  o f  up  t o  72 c h a r a c t e r s ,
w h ic h  i s  l o n g e r  t h a n  t h e  s p a c e  b e y o n d  t h e  B m a r g i n  o f  a COBOL 
s t a t e m e n t .  I t  i s  t h e r e f o r e  a r b i t r a r i l y  b r o k e n  i n t o  two COBOL 
l i n e s ,  one  o f  60 c h a r a c t e r s  an d  t h e  o t h e r  of- 1 2 .  _ No a t t e m p t  i s  
made t o  i n t e r p r e t  t h e  c o n t e n t s  o f  t h e  comment r e c o r d s  an d  t h i s  
may l e a d  t o  b r o k e n  w o rd s  an d  b l a n k  comment l i n e s  w i t h i n  t h e  
COBOL p ro g ra m .
Use i s  made o f  t h e  r o u t i n e s  w h ich  g e n e r a t e  t h e  s y s t e m  m acro  
s t a t e m e n t s  f o r  f i l i n g  t h e  g e n e r a t e d  COBOL s t a t e m e n t s  i n  t h e  
r e q u i r e d  s u b f i l e ,  w h ic h  i n  t h i s  c a s e  i s  c a l l e d  NOTEPARA.
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When the F i l e t a b  comment record  has been p ro cessed  and the  
a p p ro p r ia te  s ta te m e n ts  g e n e ra ted ,  c o n tr o l  i s  p assed  to  the s ta tem en t  
which read s in  th e  n ex t  F i l e t a b  d i r e c t i v e ,  i . e .  the  m acro-tim e  
s ta tem en t w ith  1 a s  i t s  l a b e l .
The l i s t i n g  o f  m acro-tim e s ta tem en ts  fo r  p r o c e s s in g  th e  * 
comment d i r e c t i v e  appears  a s  item  4 in  the s e p a r a te  f o l d e r .
3 .  'FILE DIRECTIVE
The 'FILE d i r e c t i v e  d o n ta in s  d e t a i l s  o f  the  p er ip h era 1 -co d e  
and f i l e - n a m e .  The f i l e -n a m e  i s  o p t io n a l  fo r  cards but mandatory  
fo r  m agnetic  ta p e ,  a lth ou gh  in  t h i s  case  b lanks are  p e r m itted .
The p er ip h era 1 -co d e  i s  a tw o -ch a ra c ter  code in  p o s i t i o n s  7 and 8 
o f  th e  'FILE record  and the  f i l e - n a m e ,  i f  p r e s e n t ,  o c c u p ie s  
p o s i t i o n s  10 to  2 1 . A comma may be used to term in ate  the  f i l e -n a m e  
i f  i t  i s  l e s s  then 12 c h a r a c te r s  lo n g .
The gen era tor  u s e s  the  F i l e t a b  f i le^ h a m e , i f  p r e s e n t ,  a s  both  
th e  f i le -n a m e  and f i l e  l a b e l  i d e n t i f i c a t i o n  in  th e  F i l e  d e s c r ip t io n  
s ta te m e n ts  in  th e  F i l e  s e c t i o n  o f  th e  COBOL program’s Data 
d i v i s i o n .  I f  the F i l e t a b  f i l e -n a m e  i s  o m it te d ,  th e  g en era to r  
a s s ig n s  DEFAULT-NAME a s  the  f i l e -n a m e  fo r  u se  in  th e  COBOL program.
( 2 )  When th e  F i l e t a b  f i l e -n a m e  i s  o m itted  and the p e r ip h e r a 1 -c o de i s
fo r  card in p u t ,  th e  COBOL program w i l l  s p e c i f y  th a t  Label r e c o r d s  
a re  o m it te d .  On th e  o th e r  hand, i f  the f i le -n a m e  i s  o m itted  and 
th e  F i l e t a b  p e r ip h e r a 1 -c o de i s  fo r .m a g n et ic  ta p e ,  the  COBOL program 
w i l l  s p e c i f y  th a t  Label r eco rd s  are  standard but th a t  th e  F i l e  
l a b e l  i d e n t i f i c a t i o n  c o n ta in s  b la n k s .
F i l e  d e t a i l s  are  a l s o  r eq u ired  in  the Environment d i v i s i o n ,  
Input-O utput s e c t i o n ,  F i l e - C o n t r o l  paragraph and th e  Procedure  
d i v i s i o n  paragraphs which c o n ta in  th e  OPEN, READ and CLOSE v e r b s ,  
so  s p e c i a l  purpose g lo b a l  and s t r i n g  v a r ia b le s  are  used to  s t o r e  
the  in fo rm a tio n  d e r iv ed  from the 'FILE d i r e c t i v e .
While F i l e t a b  u s e s  ’CR' and *MT* to  i n d ic a t e  the p e r ip h e r a l  
c o d e s ,  th e  corresp on d in g  COBOL hardware names used in  the ASSIGN 
c la u s e  o f  the F i l e - C o n t r o l  paragraph are  ’CARD-READER’ and 'TAPES'. 
S in ce  a m acro-tim e v a r ia b le  can h o ld  a maximum o f  8 c h a r a c t e r s ,  
two G lobal v a r i a b l e s ,  1 and ;^ V 12 , are  used to  s t o r e  th e
hardware names. The way in  which the hardware-name c h a r a c te r s  are  
a s s ig n e d  to the G lobal v a r ia b le s  i s  shown below . •
O
F i le t a b  
P e r ip h er a 1 -c o de
C ontents o f  
G lobal
macro p ro c esso r  
v a r ia b le s
;^V11 ;fÙV12
CR CARD-REA DER
m i TAPE S
O
An i n v a l i d  p er ip h era 1 -co d e  w i l l  cause  the COBOL g e n e r a t in g  macro 
to  p r in t  an error  m essage.
S t r in g  v a r ia b le  ^ 0 6  i s  used by the  g e n e r a t in g  macro to  h o ld  
th e  f i l e -n a m e  fo r  use  in  the  Environment, Data and Procedure  
d i v i s i o n s  o f  th e  gen era ted  program. The L abel record  c la u s e  fo r  
u se  in  the  F i l e  d e f i n i t i o n  o f  the  generated  program i s  d e p o s i te d  
in  S t r in g  v a r ia b le  ^ 0 ? .
A fte r  the data from the 'FILE d i r e c t i v e  has been e x tr a c te d  
and in t e r p r e t e d ,  the  macro g e n e r a te s  the  m acro-tim e s ta te m e n ts  
which save th e  c o n te n t s  o f  and ;fS07* These gen era ted  macro­
tim e s ta te m e n ts  are  'grown' in t o  th e  macro d e f i n i t i o n  CONSTANTS, 
which i s  execu ted  in  th e  th ir d  phase o f  the  system  in  order  to  
r e s t o r e  th e s e  same v a lu e s  to  th e  S t r in g  v a r ia b le s  j^ O S  and ;i^07*
When th e  'FILE d i r e c t i v e  has been p ro cessed  and the  c o n s ta n t s  
, s e t  up, c o n tr o l  i s  t r a n s fe r r e d  to  the  s ta tem en t which rea d s  the  
n e x t  F i l e t a b  d i r e c t i v e  (See  F igure  3«6)« '
The l i s t i n g  o f  m acro-tim e s ta te m e n ts  fo r  p r o c e s s in g  th e  
•FILE d i r e c t i v e  appears a s  item  5 in  t h e ,s e p a r a t e  f o l d e r .
o4. *INL DIRECTIVE
To a s s i s t  w ith  th e  g e n e ra t io n  o f  the REDEFINES s ta te m e n ts  
used  fo r  each new record  d e s c r ip t io n ,  a f i e l d  count v a r ia b le  J^FCT 
i s  m a in ta in ed . T his  i s  i n i t i a l l y  s e t  equal to  z e r o .
The parameter reco rd s  are  read and p ro cessed  one a t  a tim e  
u n t i l  a new F i l e t a b  r e c o r d ,  which b eg in s  w ith  th e  * c h a r a c t e r ,  i s  
d e t e c t e d .  A fte r  each read o p e r a t io n  the  re se rv e d  g lo b a l  v a r ia b le  
/fGlNP, used fo r  p o in t in g  a t  a c h a ra c ter  in  th e  macro p r o c e s so r  
in p u t  b u f f e r ,  i s  s e t  equal to  z e r o .
Each f i e l d  d e s c r ip t io n  i s  term inated  by a comma or  the  end 
o f  the parameter record  and i t  i s  assumed th a t  no f i e l d  
s p e c i f i c a t i o n  c o n t in u e s  on to an oth er  parameter r e c o r d .  The whole  
parameter record  i s  squashed to remove unwanted sp a ces  and th e  
number o f  u s e f u l  c h a r a c te r s  i s  a u t o m a t ic a l ly  s e t  in  r e se r v e d  
v a r ia b le  ;^STC. A copy o f  th e  ;^STC va lue  i s  s to r e d  in  l o c a l  
v a r ia b le  ;^STC, b ecau se  subsequent READ o p e r a t io n s ,  which occu r  
during th e  m an ip u la tion  o f  some s t r i n g s  o f  numeric d a ta ,  cau se  th e  
v a lu e  o f  ;^STC to be s e t  equal to  z e r o .
Each f i e l d  d e s c r ip t io n  i s  p ro cessed  c h a r a c ter  by c h a r a c te r  
in  order  to  ej^tract th e  fou r  c o n s t i t u e n t  p a r t s .  G lobal v a r ia b le  
( 2 )  ;fGV4 i s  used to  h o ld  the  f i e l d  s p e c i f y i n g  c h a r a c t e r ,  ;^V3 i s  used
to  h o ld  the s t a r t  p o s i t i o n  o f  th e  f i e l d  and i s  used  to  h o ld
th e  end p o s i t i o n  or le n g th  o f  th e  f i e l d .  A ch a r a c ter  s t o r e d  in  
^ V 6  d en o tes  th a t  end p o s i t i o n  i s  b e in g  s p e c i f i e d ,  w h ile  a ' / '  
c h a ra cter  i s  used to denote th a t  the le n g th  has been s p e c i f i e d .
The CALLVSTR m acro-tim e f a c i l i t y  fo r  e x t r a c t i n g  v a r ia b le  
l e n g th  ch a r a cter  s t r i n g s  depends on the r e c o g n i t io n  o f  a s p e c i f i c  
term in ator  c h a r a c te r .  S in ce  th e .t e r m in a to r  fo r  the s t a r t  p o s i t i o n  
and le n g th  or end p o s i t i o n  s t r i n g s  has two a l t e r n a t i v e s ,  t h i s  
f a c i l i t y  cannot be u se d .  T his  problem s u g g e s t s  th a t  the  
_  developm ent o f  an a l t e r n a t i v e  form o f  the  CALLVSTR fu n c t io n  co u ld
oo
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be c o n s id e r e d ,  in  which the s t r i n g  e x tr a c t io n  i s  term inated  when 
8 match w ith  any one o f  a l i s t  o f  c h a r a c ter s  i s  en countered . To 
circum vent the problem, the data i s  e x tr a c te d  c h a ra c ter  by 
ch a r a c te r  and s to r e d  in  s t r i n g  v a r ia b le  ;^01 u n t i l  a n o n - d ig i t  
ch a r a c te r  i s  d e t e c t e d .  These s t r i n g s  are  then tr a n s fe r r e d  to  the  
g lo b a l  v a r ia b le s  and ;^V7 u s in g  the  macro p ro c esso r  in p u t
b u f f e r .  Another s t r i n g  v a r ia b le  i s  used a s  temporary s to r a g e
fo r  th e  com plete F i l e t a b  parameter r eco rd . B efore  a r i th m e t ic  
o p e r a t io n s  ca% be c a r r ie d  out on the  numeric data in  and j^V7,
th e y  have to be co n v erted  from c h a r a c ter s  to  b in a ry  u s in g  th e  - 
CALLCONV macro-time s ta te m e n t .  -
The s t a r t  and end p o s i t i o n  o p t io n ,  denoted by a *-* c h a r a c te r  
in  ;ftjV6, shows th a t  the v a lu e s  in  and r e f e r  to  card
columns which have 1 a s  th e  o r i g i n .  In c o n t r a s t ,  the s t a r t  and 
l e n g th  o p t io n ,  denoted by a ' /*  ch a r a c ter  in  ;^V6, r e f e r s  to  
r e c o r d s  on o th er  media where 0 i s  used a s_ th e  o r i g i n .  When th e  
former o p t io n  i s  used in  th e  F i l e t a b  parameter r e c o r d ,  th e  v a lu e s  
i n  ;^V3 and ji^V7 are  recomputed to  r e f l e c t  th e  0 o r ig in  and the  
f i e l d  l e n g t h .
The F i l e  s e c t i o n  COBOL s ta te m e n ts  fo r  d e f in in g  th e  in p u t  
record  (S e c t io n  o f  main t e x t )  were s p e c i f i c a l l y  d es ign ed  to  
have a group s t r u c tu r e  so th a t  the  REDEFINES f a c i l i t y  cou ld  be used  
a t  the  02 l e v e l .  In th e  ca se  o f  the f i r s t  f i e l d  on the  F i l e t a b
parameter rec o r d ,  t h i s  ta k e s  the  form
02 FILLER-1 REDEFINES IN-REG.
' c
Subsequent f i e l d s  make u se  o f  th e  f i e l d  cou n ter  ;^FCT to  g e n e r a te  
s ta te m e n ts  o f  the type
02 FILLER-n REDEFINES FILLER-m. 
where m = n -  1 and n i s  th e  cu rren t va lu e  in  ;^FCT.
The l e v e l  03 s ta te m e n ts  fo r  each record  d e s c r ip t io n  a re
g en era ted  in  th ree  s t a g e s ;
oo
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1 .  The i n i t i a l  FILLER f i e l d ( s ) ,  i f  a n y .
2 .  The a c t u a l  da t a  f i e l d .
3. The final FILLER field(s), if any.
The v a l u e  i n  ; ^ V 3  i s  u s e d  t o  g e n e r a t e  t h e  i n i t i a l  FILLER 
f i e l d ( s ) ,  i f  a n y .  I f  t h e  r e q u i r e d  f i l l e r  e x c e e d s  120 c h a r a c t e r s ,  
t h e  maximum p e r m i t t e d  i n  ICL 1900 COBOL, i t  i s  s u b d i v i d e d  i n t o  
m u l t i p l e s  o f  120 c h a r a c t e r s  and  a r e m a i n d e r .  S i n c e  a d i v i d e  
o p e r a t i o n  i s  n o t  a v a i l a b l e  i n  t h e  PG/1 macro p r o c e s s o r  f a c i l i t i e s ,  
t h i s  c a l c u l a t i o n  i s  c a r r i e d  o u t  by  r e p e a t e d  s u b t r a c t i o n .
The f i e l d  s p e c i f y i n g  c h a r a c t e r  i n  ;^ V 4  a n d  t h e  f i e l d  l e n g t h  
i n  ;fùV7 a r e  u s e d  t o  g e n e r a t e  t h e  a c t u a l  d a t a  f i e l d  l e v e l  03 
s t a t e m e n t .  I n  t h e  c a s e  o f  a t o t a l l i n g  f i e l d ,  t h e  n u m e r i c  f i e l d  
s p e c i f y i n g  c h a r a c t e r  h a s  t h e  l e t t e r  A p r e f i x e d  i n  o r d e r  t o  make i t  
a v a l i d  d a t a  name i n  COBOL, and  t h e  n u m e r i c  p i c t u r e  c h a r a c t e r  9 i s  
u s e d  w i t h  t h e  v a l u e  i n  ; ^ V 7  s s  t h e  r e p e t i t i o n  c o u n t .
03 PICTURE 9 ( ; ^ V 7 ) .
T r a n s f e r  an d  c o n t r o l  b r e a k  f i e l d s  u s e  t h e  a l p h a b e t i c  f i e l d  
s p e c i f y i n g  c h a r a c t e r  f rom ;^ V 4  w i t h  t h e  a l p h a n u m e r i c  p i c t u r e  
c h a r a c t e r  X. A g a in  t h e  v a l u e - i n  ; ^ V 7  i s  u s e d  a s  t h e  r e p e t i t i o n  
c o u n t .
03 ;fÙV4 PICTURE X ( ;^ V 7 ) .
The l e n g t h  o f  t h e  f i n a l  f i l l e r  f i e l d  i s  c a l c u l a t e d  a s
;0jV1=2048-;fGV3-;fGV7 
an d  t h e  FILLER s t a t e m e n t ( s )  , i f  a n y ,  a r e  g e n e r a t e d  i n  a s i m i l a r  way 
t o  the.  i n i t i a l  o n e s .
I n  t h e  c a s e  o f  t o t a l l i n g  f i e l d s ,  t h e  f i e l d  s p e c i f y i n g  c h a r a c t e r  
i n  j ^ v 4  i s  u s e d  t o  g e n e r a t e  t h e  s t a t e m e n t s  r e q u i r e d  t o  d e f i n e  t h e
c o n t r o l  t o t a l s  i n  t h e  D ata  d i v i s i o n  an d  to  a c t u a l l y  a c c u m u l a t e  them
i n  t h e  P r o c e d u r e  d i v i s i o n .  Thus t h e  s t a t e m e n t s
03 A;^V4 p i c t u r e  9 ( 1 5 ) COMPUTATIONAL VALUE ZERO,
a n d  . . ■
oo
ADD A ^ V 4  i n  INREC TO A;^V4 IN M-LEVEL. 
a r e  u s e d  t o  g e n e r a t e  t h e  COBOL s t a t e m e n t s  f o r  i n c l u s i o n  i n  t h e  
SAVETOTL a n d  ADDPARA m a c r o s  r e s p e c t i v e l y .
The c o n t r o l  b r e a k  f i e l d ,  whose f i e l d  s p e c i f y i n g  c h a r a c t e r  i s  
on e  o f  t h e  s e t  MNOPQR, makes  u s e  o f  t h e  v a l u e s  i n  a n d  t o
g e n e r a t e  t h e  COBOL s t a t e m e n t  f o r  i n c l u s i o n  i n  t h e  D ata  d i v i s i o n  
g r o u p  s t r u c t u r e  u s e d  t o  d e t e c t  s e q u e n c e  c h a n g e s .
02 PICTURE XC^^V?).
The g e n e r a t e d  s t a t e m e n t  i s  d e s t i n e d  f o r  i n c l u s i o n  i n  t h e  CTRLBRKE 
m a c r o .
I n  a l l  c a s e s  t h e  n e c e s s a r y  f i l i n g  s t a t e m e n t s  a r e  a l s o  
g e n e r a t e d  so  t h a t  t h e  m a c ro s  t o  w h ich  t h e y  c o n t r i b u t e  can  be  ’g r o w n ’ .
The m a c r o - t i m e  s t a t e m e n t s  f o r  p r o c e s s i n g  t h e  *INL d i r e c t i v e  
a p p e a r  a s  i t e m  6 i n  t h e  s e p a r a t e  f o l d e r .
3 .  *TITLE DIRECTIVE
The *TITLE d i r e c t i v e  and  i t s  a s s o c i a t e d  p a r a m e t e r  r e c o r d s  
s p e c i f y  t h e  R e p o r t  t i t l e  t o  be  p r i n t e d  a t  t h e  t o p  o f  t h e  f i r s t  page  
o f  o u t p u t .  T h i s  d i r e c t i v e  i s  o p t i o n a l .  The *TITLE d i r e c t i v e  
c o n t a i n s  d e t a i l s  o f  t h e  l i n e  s p a c i n g  r e q u i r e d  b e f o r e  a n d  a f t e r  t h e
R e p o r t  t i t l e .  D e f a u l t  v a l u e s  f o r  t h e  l i n e  s p a c i n g  a r e  s e t  i f  t h e
■
s e c o n d  o r  b o t h  s p a c i n g  p a r a m e t e r s  a r e  o m i t t e d .
The d i r e c t i v e  i s  f o l l o w e d  by  p a r a m e t e r  r e c o r d s  w h ic h  c o n t a i n  
t h e  t e x t  o f  t h e  h e a d i n g .  Each 120 c h a r a c t e r  l i n e  o f  t e x t  i s  
e n t e r e d  on a p a i r  o f  p a r a m e t e r  r e c o r d s ;  t h e  f i r s t  c o n t a i n s  t h e  
f i r s t  72 c h a r a c t e r s  o f  t h e  p r i n t  l i n e  w h i l e  t h e  s e c o n d  c o n t a i n s  
48  c h a r a c t e r s  t o  be  p r i n t e d  i n  p o s i t i o n s  73 t o  120  o f  t h e  l i n e .
I f  t h e  l a s t  48 c h a r a c t e r s  o f  t h e  l a s t  l i n e  o f  t h e  t i t l e  a r e  a l l  
t o  b e  b l a n k ,  t h e n  t h e  s e c o n d  r e c o r d  o f  t h e  f i n a l  p a i r  may be  
o m i t t e d .
The i n f o r m a t i o n  e x t r a c t e d  f rom  t h e  *TITLE d i r e c t i v e  a n d
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parameter record s  i s  r eq u ired  a t  two p o in ts  w ith in  the gen erated  
COBOL program. In the  Data d i v i s i o n  a data d e s c r ip t io n  fo r  each  
l i n e  o f  the  Report t i t l e  i s  r e q u ir e d ,  w h ile  the Procedure d i v i s i o n  
must co n ta in  the WRITE s ta te m e n t ( s )  n e c e s sa r y  to output th e  t i t l e  
l i n e ( s )  w ith  the  r eq u ir ed  sp a c in g .  The COBOL s ta te m e n ts  are  
th e r e fo r e  d ir e c t e d  to  two macro d e f i n i t i o n  s u b f i l e s ,  TITLES and 
TITLEPAR, by making u se  o f  the  r o u t in e  which g e n e r a te s  th e  system  
macro f i l i n g  s ta te m e n ts .
The AFTER ADVANCING o p t io n  o f  the  WRITE verb i s  used to  
e f f e c t  the  req u ired  s p a c in g  b e fo r e  the  f i r s t  l i n e  o f  the  Report 
t i t l e .  Subsequent t i t l e  l i n e s  are  s i n g l e  spaced b e fo re  p r in t i n g .  
The f i n a l  sp a c in g  a f t e r  the  Report t i t l e  i s  a c h ie v ed  by w r i t in g  a 
blank l i n e  w ith  the d e s ir e d  sp a c in g .
The p r o c e s s in g  o f  the  'TITLE d i r e c t i v e  c u r r e n t ly  in  th e  
in p u t b u f fe r  b e g in s  by s e t t i n g  g lo b a l  v a r ia b le  ifOSO  ^ equal to  1 
to  i n d ic a t e  the p resen ce  o f  t h i s  o p t i o n a l - d i r e c t i v e .  G lobal  
v a r ia b le s  ;fGv4 and ;^V3 are  used by t h i s  r o u t in e  to  c o n ta in  th e  
l i n e  sp a c in g  counts  b e fo r e  and a f t e r  p r in t in g .  I n i t i a l l y  t h e s e  are  
s e t  to  have d e f a u l t  v a lu e s  o f  1 and 3 r e s p e c t i v e l y !
The sp a c in g  o p t io n s ,  i f  p r e s e n t ,  are e x tr a c te d  from th e  
d i r e c t i v e  record  and th e  t i t l e  l i n e  co u n ter ,  g lo b a l  v a r ia b le  ;i^V6, 
i s  i n i t i a l l y  s e t  to  1 . This l a t t e r  v a r ia b le  i s  used to g e n e r a te  
a l e v e l  01 group data d e s c r ip t io n  en try  fo r  each p a ir  o f  param eter  
r e c o r d s ,  which ta k es  th e  f o l lo w in g  form 
01 TITLE-n.
where n i s  the  v a lu e  in  ;i^V6. The va lu e  in  ^ V 6  i s  increm ented  
each time th e  f i r s t  o f  a new p a ir  o f  parameter r eco rd s  i s  d e t e c t e d .
The t e x t  from each p a ir  o f  parameter r e c o r d s  i s  e x t r a c t e d  and 
used to  g en era te  th r e e  l e v e l  02 FILLER l i t e r a l s  w ith in  the  t i t l e  
l i n e  group d e s c r ip t io n .  The data from the  f i r s t  parameter reco rd  
i s  used to  g en era te  two l i t e r a l s  o f  58 and 14 c h a r a c t e r s ,  w h i le  th e
oo
11 ,
second parameter r e c o r d ’s data i s  used to g en era te  a 48 c h a r a c te r  
l i t e r a l  to  com plete the  record  d e s c r ip t io n .  A l l  the  above s ta te m e n ts  
a re  d e s t in e d  fo r  th e  TITLES macro d e f i n i t i o n  s u b f i l e .
The Procedure d i v i s i o n  s ta te m e n ts  gen erated  by t h i s  r o u t in e  
a r e  f i l e d  in  the TITLEPAR macro d e f i n i t i o n  s u b f i l e  and are  concerned  
w ith  the  a c t u a l  w r i t in g  out o f  th e  rep o rt  t i t l e  d a ta .  The c o n te n t s  
o f  ;fùV4 are  used in  th e  g e n e ra t io n  o f  the WRITE sta tem en t f o r  th e  
ou tp u t o f  th e  f i r s t  t i t l e  l i n e .  Subsequent t i t l e  l i n e s  a re  s i n g l e  
spaced  but the c o n te n t s  o f  ;^V6 are  used to denote  th e  a c t u a l  record  
to  be o u tp u t .  When a l l  p a ir s  o f  parameter rec o r d s  have been  
p r o c e s s e d ,  the  c o n te n t s  o f  are  used in  the g e n e r a t io n  o f
s ta te m e n ts  to  output the req u ired  number o f  b lank l i n e s  a f t e r  the  
t i t l e .  In a l l  c a s e s  s ta te m e n ts  to  update th e  COBOL program LINE- 
COUNT data item  are  a l s o  g e n e ra ted .
An a s t e r i s k  in  p o s i t i o n  1 o f  th e  f i r s t  o f  a p a ir  o f  parameter  
rec o r d s  i s  the s i g n a l  th a t  the  'TITLE d i r e c t i v e  has come to  an end 
and another  d i r e c t i v e  has been d e t e c t e d .  C ontro l i s  then  p a ssed  
to  the s e c t i o n  o f  p r o c e s s in g  which i d e n t i f i e s  th e  new d i r e c t i v e  
(See  F igure  3 * 6 ) .  L i s t i n g  Item 7 in  the  sep a ra te  f o ld e r  shows 
th e  macro-tim e s ta te m e n ts  fo r  p r o c e s s in g  the 'TITLE d i r e c t i v e .
6 . 'HEAD DIRECTIVES
These d i r e c t i v e s  and a s s o c ia t e d  p a ir s  o f  parameter r e c o r d s  
s p e c i f y  the t e x t  to  be p r in te d  as  a heading fo r  each c o n t r o l  l e v e l  
a t  the  head o f  every  page or  in  a s s o c i a t i o n  w ith  a c o n t r o l  b rea k .
Each d i r e c t i v e  s p e c i f i e s  the c o n t r o l  l e v e l  f i e l d  to  which th e  
head in g  a p p l i e s ,  th e  l i n e  sp a c in g  b e fo re  and a f,ter  the  h ead in g  
and in  th e  ca se  o f  c o n t r o l  l e v e l  L the  maximum number o f  l i n e s  to  
be p r in te d  between o ccu rren ces  o f  th e  h ead in g .
As w ith  th e  'TITLE d i r e c t i v e ,  d e fa u l t  v a lu e s  are  s e t  f o r  th e  
v a r io u s  o p t io n s  which take e f f e c t  when th ey  do not s p e c i f i c a l l y
oo
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appear on the d i r e c t i v e  records# Global v a r ia b le s  ;^V5* /GV6
and T^VZ are  used to  c o n ta in  th e  c o n tr o l  l e v e l  c h a r a c te r ,  th e  l i n e  
sp a c in g  cou n ts  b e fo r e  and a f t e r  p r in t in g  and th e  maximum number o f  
l i n e s  va lu e  r e s p e c t i v e l y .  The p a ir s  o f  parameter record s  
c o n ta in in g  the  head in g  t e x t  are  p ro cessed  in  a s im i la r  way to  th o se  
fo r  th e  'TITLE d i r e c t i v e .
A count o f  l i n e s  w ith in  each c o n tr o l  l e v e l  heading  i s  
m ainta ined  in  g lo b a l  v a r ia b le  ;#ùHCT and t h i s ,  to g e th e r  w ith  th e  
c o n t r o l  l e v e l  c h a r a c te r ,  i s  used to d e f in e  th e  l e v e l  01 group 
e n tr y  in  th e  COBOL program Data d i v i s i o n  fo r  each head in g  l i n e ,
01 X-HEAD-n.
where X i s  the c o n t r o l  l e v e l  c h a r a c ter  from and n i s  th e
l i n e  count va lu e  w ith in  th a t  l e v e l  from /fùHCT. These group 
s t r u c t u r e s  are  gen era ted  fo r  i n c l u s i o n  in  the macro d e f i n i t i o n  
s u b f i l e  c a l l e d  HEADINGS.
The Procedure d i v i s i o n  WRITE s ta te m e n t ( s )  to  ou tp u t th e  
head in g  l i n e s  w ith  th e  r eq u ired  sp a c in g  are gen era ted  in  a s im i la r  
way to  th o se  fo r  th e  Report t i t l e .  G lobal v a r ia b le s  and
are  r e s p e c t i v e l y  used to  e f f e c t  the  d e s ir e d  sp a c in g  b e fo r e  th e  
f i r s t  heading l i n e  and the blank l i n e  sp a c in g  a f t e r  th e  h ea d in g .  
G lobal v a r ia b le  ;^HCT d en o tes  th e  number o f  the l i n e  w ith in  the  
cu rren t  heading and t h i s  i s  used to  s p e c i f y  th e  name o f  th e  reco rd  
to  be w r i t t e n  o u t .  As b e f o r e ,  s ta te m e n ts  to  update the  COBOL 
program LINE-COUNT data item  are  g en era ted . A l l  th e  Procedure  
d i v i s i o n  s ta te m e n ts  a s s o c ia t e d  w ith  a c o n tr o l  l e v e l  h ead in g  are  
gen era ted  to g e th e r  w ith  th e  n e c e s s a r y  system  f i l i n g  s ta te m e n ts  
fo r  in c l u s i o n  in  the  OTHERPAR macro d e f i n i t i o n .
An a s t e r i s k  in  p o s i t i o n  1 o f  th e  f i r s t  o f  a p a ir  o f  param eter  
r ec o r d s  s i g n a l s  the end o f  the  cu rren t  'HEAD d i r e c t i v e  and c o n t r o l  
p a s s e s  to  th e  m acro-tim e s ta te m e n ts  which i d e n t i f y  th e  new F i l e t a b  
d i r e c t i v e  (S ee  F igure  3 . 6  in  main t e x t ) .
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The c o n tr o l  l e v e l  c h a ra c ter  from each 'HEAD d i r e c t i v e  p r e sen t  
i n  the  F i l e t a b  job  s p e c i f i c a t i o n  b e in g  p ro cessed  i s  s to r e d  in  th e  
g lo b a l  v a r ia b le  ;^HED, which i s  l a t e r  used during  the  p r o c e s s in g  
a s s o c i a t e d  wi^h th e  'GO d i r e c t i v e ,
A l i s t i n g  o f  th e  m acro-tim e s ta te m e n ts  fo r  p r o c e s s in g  th e  
'HEAD d i r e c t i v e s  appears a s  item  8 in  th e  s e p a r a te  f o l d e r ,
7* 'OUT DIRECTIVES
The 'OUT d i r e c t i v e s  and t h e i r  a s s o c ia t e d  parameter rec o r d s
s p e c i f y  th e  c o n te n ts  and format fo r  th e  d e t a i l  and c o n tr o l  t o t a l
l i n e ( s )  fo r  each l e v e l  o f  the r e p o r t .  Each d i r e c t i v e  s p e c i f i e s  the
c o n t r o l  l e v e l  to  which the  format s e t  out i n  th e  parameter rec o r d s
a p p l i e s ,  to g e th e r  w ith  th e  l i n e  sp a c in g  b e fo r e  and a f t e r  the  ou tp u t
l i n e s .  The p r o c e s s in g  o f  the  'OUT d i r e c t i v e  reco rd  i s  s im i la r  to
th a t  fo r  th e  'HEAD and 'TITLE d i r e c t i v e s  in  th a t  d e f a u l t  v a lu e s
a re  s e t  fo r  any o p t io n s  not s p e c i f i c a l l y  coded. G lobal v a r ia b le
•
;^OCT i s  used to m ain ta in  a count o f  l i n e s  w ith in  a p r in t  group and 
g lo b a l  v a r ia b le s  ;^V 4, ^ V 5  and are  used to  s t o r e  th e  c o n t r o l
l e v e l  c h a r a c ter  and th e  l i n e  sp a c in g  counts  b e fo r e  and a f t e r  th e  
p r in t  group.
( 2 )  The Data d i v i s i o n  output record  d e s c r ip t io n s  are  g e n e ra ted
f o r  i n c l u s i o n  in  th e  OUTREC s u b f i l e  and the  l e v e l  01 e n tr y  ta k e s  
th e  form
01 X-RECn.
where X i s  the c o n t r o l  l e v e l  c h a r a c te r  from ;^V4 and n i s  th e  
c u rren t  l i n e  count v a lu e  in  /fOOCT,
The WRITE s ta te m e n ts  which are  gen era ted  fo r  each l e v e l  o f  
th e  rep o r t  from the in fo rm a tio n  c o n ta in ed  in  th e  'OUT d i r e c t i v e  
d i f f e r  in  th re e  ways from th o se  gen era ted  from th e  'TITLE and 
'HEAD d i r e c t i v e s .  F i r s t ,  th o se  g en era ted  fo r  th e  d e t a i l  l e v e l ,  L, 
a re  f i l e d  in  th e  WKITEPAR macro d e f i n i t i o n  s u b f i l e  w h ile  th o s e  f o r
oo
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th e  o th er  l e v e l s  are  f i l e d  in  the OTHERPAR s u b f i l e .  S eco n d ly ,  th e  
f i r s t  WRITE sta tem en t o f  a group fo r  any c o n tr o l  l e v e l ,  e x c lu d in g  
L, i s  preceded by a Procedure d i v i s i o n  paragraph name which ta k e s
th e  form
X-TOTALS.
where X i s  the  c o n t r o l  l e v e l  ch a r a c ter  in  ^ V 4 .  F i n a l l y ,  b e fo r e  
th e  f i r s t  WRITE s ta tem en t fo r  any p r in t  group a PERFORM sta tem en t  
i s  g e n e ra ted .  This l a t t e r  s ta tem en t  ensures  th a t  a new r e p o r t  page 
i s  s t a r t e d  i f  the l i n e  count has reached the maximum p e rm itted  
va lu e  a s  s p e c i f i e d  in  the l e v e l  L 'HEAD d i r e c t i v e , i f  p r e s e n t ,  
o th er w ise  the d e f a u l t  va lu e  i s  u sed .
The p a ir s  o f  parameter reco rd s  which f o l lo w  th e  'OUT d i r e c t i v e  
a re  d i f f e r e n t  from th o se  o f  the  two p r e v io u s ly  d is c u s s e d  d i r e c t i v e s .  
They s p e c i f y  not o n ly  t e x t  in fo rm a tio n  but g iv e  d e t a i l s  o f  th e  data
f i e l d s  ( t r a n s f e r ,  c o n t r o l  or t o t a l l i n g )  which are  to  appear in  the  
p r in te d  l i n e .
Each p a ir  o f  parameter rec o r d s  which s p e c i f y  the  form at and 
c o n te n t s  o f  a r ep o r t  l i n e  i s  scanned ch a r a c ter  by c h a r a c ter  to  
e s t a b l i s h  the type and s i z e  o f  th e  f i e l d s  co n ta in ed  t h e r e i n .  Any 
one o f  four d i f f e r e n t  ty p es  o f  l e v e l  02 en try  may have to  be 
g en era ted  fo r  i n c l u s i o n  in  the COBOL group d e s c r ip t io n  fo r  a 
r e c o r d .  Blank c h a r a c te r s  in  th e  l i n e  parameter rec o r d s  ca u se  th e  
g e n e r a t io n  o f  a b lank alphanum eric FILLER f i e l d  w ith  l e n g t h  eq u al  
to  th e  number o f  c o n s e c u t iv e  blank c h a r a c t e r s ,  e . g .
02 FILLER X(n) VALUE SPACES, 
where n i s  the  count o f  c o n s e c u t iv e  blank c h a r a c te r s  which i s  
accum ulated in  g lo b a l  v a r ia b le  ;^V7. A f i l e t a b  t r a n s f e r  or  c o n t r o l  
c h a r a c te r  s t r i n g  in  th e  parameter r e c o r d ( s )  c a u se s  th e  g e n e r a t io n  
o f  an alphanumeric data item  o f  th e  fo l lo w in g  form;
02 Y PICTURE X (n ) .  
where Y i s  th e  F i l e t a b  f i e l d  s p e c i f y i n g  c h a r a c te r  s to r e d  i n  g lo b a l
oo
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v a r ia b le  ;fGV9 and n i s  th e  le n g th  o f  the  f i e l d .  This l a t t e r  
i s  the number o f  c o n s e c u t iv e  o ccu rren ces  o f  th e  f i e l d  s p e c i f y i n g  
ch a r a c ter  and t h i s  i s  a g a in  accum ulated in  ;^V?. A F i l e t a b  
t o t a l l i n g  f i e l d  s p e c i f i c a t i o n  ca u ses  the  g e n e ra t io n  o f  a zero  
su p p ressed  numeric r ep o r t  item  which ta k es  one o f  the  f o l lo w in g  
forms depending on th e  f i e l d  w idth;
02 AY PICTURE Z (n -1 )9 ,
02 AY PICTURE 9*
Y and n have the same meanings a s  above . F i n a l l y ,  a F i l e t a b  t e x t  
l i t e r a l  which i s  e n c lo se d  in  s i n g l e  q u o ta tio n  marks (<) c a u se s  the  
g e n e r a t io n  o f  a COBOL alphanumeric FILLER f i e l d  w ith  a VALUE 
c l a u s e .  The va lu e  a s s ig n e d  to  th e  COBOL l i t e r a l  i s  the same a s  th e  
F i l e t a b  l i t e r a l  to g e th e r  w ith  one le a d in g  and one t r a i l i n g  blank  
c h a r a c ter  which r e p la c e  the  unused p r in t  p o s i t i o n s  o ccu p ied  by the  
s i n g l e  q u o ta t io n  marks. S t r in g  v a r ia b le  ;^09  i s  used to  s t o r e  th e  
F i l e t a b  l i t e r a l .  I t  shou ld  be noted  i n c i d e n t a l l y  th a t  ICL I 9OO 
COBOL u s e s  the  double q u o ta t io n  ch a r a c ter  ( ” ) to  d e l im i t  a l i t e r a l  
v a lu e .  A l l  02 l e v e l  d e s c r ip t io n s  are  gen erated  fo r  i n c l u s i o n  in  
th e  OUTREC macro d e f i n i t i o n  s u b f i l e .
In a d d it io n  to  th e  above record  d e s c r ip t io n  e n t r i e s ,  i t  i s  
a l s o  n e c e s s a r y  to g e n era te  MOVE s ta te m e n ts  to  s e t  up th e  r e q u ir e d  
v a lu e s  in  th e  record  d e s c r ip t io n s  p r io r  to th e  e x e c u t io n  o f  th e  
WRITE s ta te m e n ts .  In th e  ca se  o f  th e  'OUT d i r e c t i v e  a t  c o n t r o l  
l e v e l  L, th e s e  take th e  form
MOVE X IN INREC TO X IN L-RECn. 
where X i s  the  COBOL data name o f  the F i l e t a b  f i e l d  and n i s  th e  
record  number w ith in  the l e v e l  L output p r in t  group. These 
s ta te m e n ts  are  g en era ted  fo r  in c l u s i o n  in  th e  MOVEPARA macro 
d e f i n i t i o n  s u b f i le . .  At a l l  o th er  c o n tr o l  l e v e l s  o f  th e  'OUT 
d i r e c t i v e ,  th e  MOVE s ta te m e n ts  take the  form
MOVE CORRESPONDING X-LEVEL TO X-RECn.
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where X i s  the c o n t r o l  l e v e l  c h a ra c ter  and n i s  the record number ' 
w ith in  the output p r in t  group fo r  th a t  l e v e l .  These l a t t e r  
s ta te m e n ts  are gen era ted  fo r  i n c lu s io n  in  the OTHERPAR macro and 
precede the  WRITE sta tem en t  fo r  the record  to which th ey  r e f e r .
An a s t e r i s k  in  p o s i t i o n   ^ o f  the  f i r s t  o f  a p a ir  o f  parameter  
rec o r d s  s i g n a l s  the end o f  the cu rren t 'OUT d i r e c t i v e  and c o n t r o l  
p a s s e s  to the  m acro-tim e s ta te m e n ts  which i d e n t i f y  the new F i l e t a b  
d i r e c t i v e  (F igure  3*6 o f  the main t e x t ) .
The c o n tr o l  l e v e l  c h a ra c ter  from each *OUT d i r e c t i v e  p r e se n t  
in  the  F i l e t a b  job s p e c i f i c a t i o n  b e in g  p ro cessed  i s  appended to  the  
c o n te n t s  o f  g lo b a l  v a r ia b le  ; ^ U T ,  which i s  l a t e r  used du rin g  the  
p r o c e s s in g  a s s o c ia t e d  w ith  the 'GO d i r e c t i v e .
A l i s t i n g  o f  th e  m acro-tim e s ta tem en ts  fo r  p r o c e s s in g  'OUT 
• d i r e c t i v e s  appears a s . i t e m  9 in  the  sep a ra te  f o l d e r .
8 .  'GO DIRECTIVE _
The 'GO d i r e c t i v e  has no param eters and fo r  th e  p u rp oses  o f  
the COBOL program g e n e r a t in g  system  m erely  s e r v e s  to  term in a te  a 
s e t  o f  F i l e t a b  in p u t d a ta .  However, once t h i s  d i r e c t i v e  i s  
d e t e c t e d ,  th ere  are  seven  ta s k s  which may have to  be c a r r ie d  out  
( 2 )  in  order to g en era te  s ta te m e n ts  needed to  com plete  th e  macros
b e in g  ’grown* by the  system .
1 . The f i r s t  ta sk  i s  o n ly  c a r r ie d  out i f  a '  comment 
d i r e c t i v e  was p r e se n t  in  the  F i l e t a b  in p u t d a ta .  I t  c o n s i s t s  o f  
g e n e r a t in g  a f u l l  s to p  to  term in ate  the NOTE sta tem en t  in  th e  
NOTE-PARA paragraph.
2 .  The second ta sk  concerns the  g e n e ra t io n  o f  th e  COBOL 
s ta te m e n ts  to  ensure th a t  the head in gs  d e s ir e d  fo r  each c o n t r o l  
l e v e l  are  output a t  the top o f  each new page. T his ta sk  f a l l s  
in t o  two p a r t s ,  f i r s t  th e  g e n e ra t io n  o f  a PERFORM sta tem en t  and 
s e c o n d ly  the  g e n e r a t io n  o f  the paragraphs to  be perform ed.
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The w r i t in g  out o f  th e  c o n t r o l  l e v e l  heading i s  execu ted  by means 
o f  th e  PERFORM verb because  th e  same p r o c e s s in g  i s  a l s o  req u ired  
when a c o n t r o l  sequence break i s  d e te c te d .  The order in  which the  
c o n t r o l  l e v e l s  are  p r o c essed  ranges  from L i s t  l e v e l  L through the  
major to  th e  minor c o n t r o l  l e v e l  a s  co n ta in ed  in  the  g lo b a l  
v a r ia b le  iftSHED. Thus fo r  c o n tr o l  l e v e l  M th e  s ta tem en t
PERFORM M-HEAD THRU M-HEAD-EXIT. 
would be generated  fo r  in c l u s i o n  in  th e  PAGEPARA macro. The 
f o l l o w in g  paragraphs would a l s o  be gen erated  fo r  in c l u s i o n  in  the  
OTHERPAR macro d e f i n i t i o n  s u b f i l e .
M-HEAD.
PERFORM PARA-LINE-CHECK THRU PARA-LINE-EXIT.
IF PAGE-SWITCH NOT EQUAL TO ZERO GO TO M-HEAD-EXIT.
PERFORM M-HEAD-WRITE.
M-HEAD-EXIT. EXIT.
3 . The n ex t  ta sk  i s  concerned w ith  th e  f i n a l  p r o c e s s in g  in  
th e  COBOL program when the  end o f  f i l e  on the  in p u t data f i l e  i s  
d e t e c t e d .  The f i n a l  t o t a l s  fo r  a l l  the co^ntrol l e v e l s  used  in  the  
job must be p ro cessed  and w r it t e n  out in  minor to  major c o n t r o l  
l e v e l  seq u en ce . As b e f o r e ,  t h i s  f a l l s  in t o  two p a r ts ;  f i r s t ,  th e  
g e n e r a t io n  o f  the n e c e s s a r y  PERFORM sta tem en ts  fo r  i n c l u s i o n  in  
th e  FINALPAR macro d e f i n i t i o n  s u b f i l e ;  and s e c o n d ly ,  th e  g e n e r a t io n  
( 2 )  o f  the  paragraph which ca u ses  th e  cu rren t l e v e l  c o n tr o l  t o t a l s  to
be added to the  n ex t  h ig h er  l e v e l  t o t a l s .  Because t h i s  same 
paragraph i s  a l s o  performed during the normal p r o c e s s in g  o f  a 
c o n t r o l  break seq u en ce , i t  c o n ta in s  a s ta tem en t which r e s e t s  the  
t o t a l s  fo r  the cu rren t c o n tr o l  l e v e l  to  z e r o .  For exam ple, in  a 
F i l e t a b  job uping c o n t r o l  l e v e l s  M and N, th e  f o l lo w in g  s ta te m e n ts  
a re  g en era ted  fo r  c o n t r o l  l e v e l  M, the  f i r s t  s ta tem en t i s  fo r  
i n c l u s i o n  in  the FINALPAR macro d e f i n i t i o n  s u b f i l e  and th e  
rem aining s ta te m e n ts  are  fo r  th e  OTHERPAR s u b f i l e .
PERFORM M-TOTALS.
M-ADD.
ADD CORRESPONDING M-LEVEL TO N-LEVEL.
SUBTRACT CORRESPONDING M-LEVEL FROM M-LEVEL.
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4 ,  The g e n e r a t io n  o f  the COBOL sta tem en ts  fo r  d e t e c t in g  and 
p r o c e s s in g  a c o n tr o l  sequence break forms the n ex t  t a s k .  These 
s ta te m e n ts  form a com plete  s e t  o f  paragraphs, b eg in n in g  w ith  
PARA-BREAK and ran g in g  through to PARA-BREAK-EXIT, which are  
gen era ted  fo r  i n c l u s i o n  in  the  BREAKPAR macro d e f i n i t i o n  s u b f i l e .  
The IF s ta tem en t which d e t e c t s  th e  sequence break i s  fo l lo w e d  by 
s ta te m e n ts  which cause  th e  c o n t r o l  t o t a l s  fo r  a l l  lower l e v e l s  
and fo r  th e  cu rren t c o n tr o l  l e v e l  to  be p r in t e d .  These are  then  
fo l lo w e d  by s ta te m e n ts  which update the  c o n tr o l  break key f i e l d s  
and cause  new head in gs  fo r  th e  cu rren t and low er c o n tr o l  l e v e l s  to  
be p r in t e d .  I f  the  p r e v io u s  example o f  a F i l e t a b  job w ith  c o n tr o l  
l e v e l s  M and N i s  used  a g a in ,  then th e  f o l lo w in g  paragraphs w i l l  be 
g en e ra ted .
PARA-BREAK.




MOVE N IN INREC TO N IN CONTROL-BREAK.
MOVE M IN INREC TO M IN CONTROL-BREAK.
PERFORM N-HEAD THRU N-HEAD-EXIT.
PERFORM M-HEAD THRU M-HEAD EXIT.
GO TO PARA-BREAK-EXIT.
M-BREAK.
IF M IN INREC EQUALS M IN CONTROL-BREAK
GO TO PARA-BREAK-EXIT.
PERFORM M-TOTALS.
MOVE M IN INREC TO M IN CONTROL-BREAK.
PERFORM M-HEAD THRU M-HEAD-EXIT.
PARA-BREAK-EXIT. EXIT.
5* The g e n e r a t io n  o f  th e  s ta te m e n ts  which enab le  th e  PART1 
macro to  be ’grown’ forms th e  n ex t  t a s k .  T his  macro c o n ta in s  th e  
S t e e r in g  l i n e s  s ta te m e n ts  which s p e c i f y  the  com p iler  o p t io n s  to  be 
invoked fo r  the  COBOL program. The o n ly  v a r ia b le  data in  t h i s  
macro i s  th e  I d e n t i t y  which i s  co n ta in ed  in  g lo b a l  v a r ia b le  ^ V 2 .
6 .  As the  p e n u lt im a te  t a s k ,  th e  macro tim e s ta te m e n ts  fo r  
th e  CONSTANTS macro d e f i n i t i o n  s u b f i l e  are  g e n e r a te d .  T his  macro 
e n a b le s  th e  c o n te n t s  o f  s e v e r a l  g lo b a l  v a r ia b le s  to  be p a ssed  
between th e  f i r s t  and t h ir d  ph ases  o f  the  sy stem . The CONSTANTS 
macro i s  execu ted  im m ed ia te ly  p r io r  to  th e  G0PART2 macro which
oo
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s y n t h e s i s e s  the com plete  COBOL program. Thus th e  req u ired  c o n te n ts  
o f  th e  g lo b a l  v a r ia b le s  are  r e s to r e d  and ready f o r  use  in  th e  
G0PART2 ma c r o .
7» The f i n a l  ta sk  i s  to  g en era te  the #END system  macro 
s ta te m e n ts  which w i l l  be f i l e d  to  com plete each o f  the in com p le te  
macro d e f i n i t i o n s  th a t  have been 'grown' by the g e n e r a t in g  sy stem .
A l i s t i n g  o f  th e  macro tim e s ta te m e n ts  fo r  ca rr y in g  o u t  th e  
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, P G /2  FiACPO PROCESSOR
The m a t e r i a l  i n  t h i s  a p p e n d i x  d e t a i l s  t h e  e n h a n c e m e n t s  to  t h e  
PG/1 macro  p r o c e s s o r  f o r  i m p l e m e n t a t i o n  i n  t h e  PQ/2 v e r s i o n  and  i s  
s u b d i v i d e d  i n t o  t h e  f o l l o w i n g  s e c t i o n s :
1 .  New o r  e n h a n c e d  m a c r o - t i m e  s t a t e m e n t s .
2 .  A d d i t i o n a l  r e s e r v e d  g l o b a l  v a r i a b l e s .
3 . New s y s t e m  m a c r o .
4 .  A d d i t i o n a l  e r r o r  m e s s a g e s .
5 . A d d i t i o n a l  a r i t h m e t i c  o p e r a t o r s .
The i m p l e m e n t a t i o n  o f  t h e s e  f a c i l i t i e s  d i d  n o t  form p a r t  o f  
t h e  c a n d i d a t e ’s  w ork .
O
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1 .  NEW HACRO-TIME STATEMENTS
The f o l l o w i n g  m a c r o - t i m e  s t a t e m e n t s  s u p p l e m e n t  o r  r e p l a c e  
t h o s e  l i s t e d  i n  S e c t i o n  7 o f  A p p en d ix  I .
1 . 1  CALL
B r a n c h  t o  t h e  l a b e l  s p e c i f i e d  and  s t o r e  i n  a p r i v a t e  s t a c k  
t h e  r e t u r n  a d d r e s s ,  w h ich  i s  t h a t  o f  t h e  n e x t  s e q u e n t i a l  
i n s t r u c t i o n .  The CALL s t a t e m e n t  i s  u s e d  t o  e n t e r  a s u b r o u t i n e  
w h ich  may i t s e l f  c o n t a i n  CALL s t a t e m e n t s  ( S e c t i o n  4 . 3  o f  m a in  t e x t ) .
% CALL l a b e l
w here  l a b e l  i s  t h e  l a b e l  o f  t h e  f i r s t  e x e c u t a b l e  m a c r o —t i m e  
s t a t e m e n t  o f  t h e  s u b r o u t i n e .  R e t u r n  f rom t h e  s u b r o u t i n e  i s  
e f f e c t e d  by  an  EXIT m a c r o - t i m e  s t a t e m e n t  (A p p e n d ix  IV S e c t i o n  1 . 1 0 ) .  
e . g .  % CALL 9000
1 . 2  CALL PROS
C o n c a t e n a t e  s t r i n g s  i n  a m a c r o - t i m e  v a r i a b l e  ( S e c t i o n  4 . 6 . 4  
o f  ma in  t e x t ) .
% CALL PROS (mac r o - t i m e  v a r i a b l e ^ ,
^ ^ t e x t ^  I ^ m a c r o - t i m e  v a r i a b l e ^
The v a l u e  o f  t h e  r i g h t  hand  a r g u m e n t  i s  c o n c a t e n a t e d  w i t h  t h e  v a l u e  
o f  t h e  l e f t  hand  a r g u m e n t  and  t h e  r e s u l t  a s s i g n e d  a s  t h e  new v a l u e  
i n  t h e  l e f t  h an d  a r g u m e n t .  Any v a r i a b l e s  r e f e r r e d  t o  m us t  h a v e  
s t r i n g  v a l u e s  and  t h e  r e s u l t  i s  t r u n c a t e d  t o  8 c h a r a c t e r s  i n  l e n g t h ,  
e . g .  % CALL PROS (;^V1 ,;#GV2)
I f  ;^V 1 a n d  /GV2 i n i t i a l l y  c o n t a i n e d  ’HARRY’ a n d  'PAYS' r e s p e c t i v e l y  
t h e n  ;^V1 w i l l  c o n t a i n  ’HARPYPAY’ .
1 . 3  CALL LENV
D e t e r m i n e  t h e  l e n g t h  o f  a s t r i n g  o r  m a c r o - t i m e  v a r i a b l e
oo
3
c o n t a i n i n g  a s t r i n g  v a lu e  ( S e c t i o n  4 . 6 . 7  o f  main t e x t ) ,
% CALL LENV ^i(nacro-time v a r i a b l e ^  [ ^ s t r i n g  v a r i a b l e ) ^
G lo b a l  v a r i a b l e  ;^STC i s  s e t  e q u a l  to  th e  l e n g t h  o f  th e  s t r i n g  or  
m a cro - t im e  v a r i a b l e ,  
e . g .  % CALL LEî'TV
I f  c o n t a i n s  'VALUE' then  g l o b a l  v a r i a b l e  ;^STC i s  s e t  e q u a l  to
3 .
1 . 4  CALL SQUA
Remove s p a c e s  from s t r i n g  v a lu e d  v a r i a b l e .
% CALL SQUA Avariab le^
^ var iab le^  : :=  s t r i n g  v a r i a b l e j mac r o - t i m e  v a r i a b l e  
A l l  s p a c e s  a re  removed from th e  s p e c i f i e d  v a r i a b l e  i f  i t  has  a 
s t r i n g  v a l u e ,  . o th e r w is e  an e r r o r  m essage  i s  g e n e r a t e d  and t h e  macro 
p r o c e s s o r  h a l t s .  G lo b a l  v a r i a b l e  ;^STC i s  g iv e n  an i n t e g e r  v a l u e
c o r r e s p o n d i n g  to  th e  number o f  n o n - s p a c e  c h a r a c t e r s  i n  th e
v a r i a b l e .
e . g .  CALL SQUA ^ V 1
I f  ;^V1 o r i g i n a l l y  c o n t a i n e d  ' A B C  then  i t  w i l l  c o n t a i n  'ABC  
a f t e r  the  e x e c u t i o n  o f  th e  s t a t e m e n t  and ;^GSTC w i l l  have  t h e  v a l u e
3 .
1 . 3  CALL SWAP
I n te r c h a n g e  c h a r a c t e r s  i n  a mac r o - t i m e  v a r i a b l e  ( S e c t i o n  
4 . 6 . 5  o f  t h e  main t e x t ) .
% CALL SWAP ^macro-t ime v a r i a b l e ^ , ^ c h a r a c t e r ^ , ^ c h a r a c t e r ^
S i n g l e  or  m u l t i p l e  o c c u r r e n c e s  o f  t h e  l e f t - h a n d  c h a r a c t e r  a r e  
r e p l a c e d  by s i n g l e  o c c u r r e n c e s  o f  t h e  r i g h t - h a n d  c h a r a c t e r .  ;^STC  
i s  g i v e n  an i n t e g e r  v a l u e  e q u a l  to  th e  number o f  c h a r a c t e r s  i n  t h e  
r e s u l t .
e . g .  CALL SWAP ; ^ V 1 ,B,  X :
4I f  ;^V1 i n i t i a l l y  co n ta in ed  -ABBE- then i t s  c o n te n t s  w i l l  become
AXE' a f t e r  the  e x e c u t io n  o f  the s ta tem en t and ^STC  w i l l  have the  
v a lu e  3 ,
1 .6  CHAIN
Load a s u b f i l e  and r e - i n i t i a l i s e . ( S e c t i o n  4 . 6  o f  the  main
t e x t ) •
[CHAIIf<control c o d e> ,< su b fi le  name>]
The s ta c k s  and v a r ia b le s  are  r e - i n i t i a l i s e d  a cco r d in g  to  th e  o p t io n
s p e c i f i e d  in  the  c o n t r o l  code and the named s u b f i l e  i s  lo a d e d .  The
O  e x e c u t io n  o f  t h i s  s ta tem en t i s  d e fe r re d  u n t i l  the  second p a s s  o f
the  macro in  which i t  o c c u r s .  The CHAIN sta tem en t i s  a lw ays
fo l lo w e d  by one or more c a l l s  to  the  macros in  the  named s u b f i l e
(S e c t io n  4 .2  O f  main t e x t ) .
 ^ C ontro l code 0 = i n i t i a l i s e  s ta c k s
1 = i n i t i a l i s e  g lo b a l  v a r ia b le s  and s ta c k s
2 = i n i t i a l i s e  s t r i n g  v a r ia b le s  and s ta c k s
4 = i n i t i a l i s e  g lo b a l  and s t r i n g  v a r ia b le s  and s t a c k s
e . g .  [CHAINO.FILEI] -
[M2] '
;  the  s t a c k s ,  lo a d  the  macros in  the  FILE1 s u b f i l e  and
c a l l  the M2 macro.
1 .7  DATE
Obtain th e  cu rren t  date  from the o p e r a t in g  system  e x e c u t iv e
(S e c t io n  4 . 7 . 1  O f  main t e x t ) .
% DATE
G lobal v a r ia b le  ^CDT w i l l  then c o n ta in  the d a te  in  c h a r a c te r  
form (Appendix IV S e c t io n  2 ) .  i
O
1 .8  DELETE
D e le te  s u b f i l e  record  (S e c t io n  4 .4  o f  main t e x t ) .
% DELETE ^numbei^j <nacro-tim e v a r ia b le^
D e le te  th e  s p e c i f i e d  record  from the  c u r r e n t ly  s e l e c t e d  s u b f i l e ,  
e . g .  % DELETE ;^REC
I f  ;0jREC i s  equal to  5 the  f i f t h  record  o f  th e  c u r r e n t ly  s e l e c t e d  
s u b f i l e  w i l l  be de le ted ^
1 .9  DEPOSIT
E xten sion  o f  d e p o s i t  f a c i l i t y  (S e c t io n  4 . 6 . 8  o f  main t e x t ) .  
Q )  % DEPOSITn <choice>j^
The d e p o s i t  f a c i l i t y  (Appendix I S e c t io n  5 .8 )  i s  extended so th a t  
<phoice^ may a l s o  in c lu d e  ^argument r e fe r e n c e ^ .
: e . g .  % DEPOSITS
, Copy a l l  the  in fo rm a tio n  in  the second argument o f  the macro
d e f i n i t i o n  in  which the s ta tem en t o ccu rs  in t o  s t r i n g  v a r ia b le  ;^05 
s t a r t i n g  a t  the  f i r s t  a v a i la b le  ' u n f i l l e d '  c h a r a c te r  p o s i t i o n  o f  
the  s t r i n g  v a r ia b le .
I f  th e  va lu e  fo r  n i s  o m itted  th e  inp ut b u f fe r  i s  used  a s  th e  
r e c e iv in g  s t r i n g .O
1 .1 0  EXIT
Subroutine e x i t  (S e c t io n  4 .3  o f  main t e x t ) .
% EXIT
Branch to  the re tu rn  a d d ress  a t  th e  top o f  th e  s ta c k  and d e l e t e  
t h i s  e n tr y  from the s t a c k .  This s ta tem en t i s  used  to  e x i t  from a 
su b r o u t in e  en tered  by the  CALL, s ta tem en t (Appendix IV S e c t io n  1 . 1 ) .
oo
1.11 FRSAD
Read s u b f i l e  record  (S e c t io n  4 .4  o f  main t e x t ) .
% FREAD < a r g 1 ^ ,< a r g ^
(arg1^ : : -  number|m acro-tim e v a r ia b le  
^arg2)j.:;= ma c r o - t im e  v a r ia b le j  s t r i n g  v a r ia b le  
From the c u r r e n t ly  s e l e c t e d  s u b f i l e  read the record  s p e c i f i e d  by 
the f i r s t  argument in t o  the v a r ia b le  s p e c i f i e d  a s  the  second  
argument.
e . g .  % FREAD ;^REC,;^01
I f  ^REC i s  equal to  4 then the fo u rth  record  o f  the c u r r e n t ly
s e l e c t e d  s u b f i l e  i s  read in t o  s t r i n g  v a r ia b le  ^ 0 1 .
1 .1 2  FSTR
F ixed  le n g th  s t r i n g  e x t r a c t io n  (S e c t io n  4 .6 . 1  o f  main t e x t ) .
% FgTRm ; ^ n ,  ^<macro-time v ar iab le>  | ^ n te g e r ^ }  ,
^ ^ a c r o - t im e  var iab le^  | 4 integer^^
This s ta tem en t has the  same fu n c t io n  as  CALLFSTR (Appendix I  
S e c t io n  7 .4 )  ex cep t th a t  the o p e r a t io n  i s  performed on s t r i n g  n 
and th e  r e s u l t  i s  put in  s t r i n g  m. I f  i s  o m it ted  then th e  
output b u f fe r  i s  used a s  the  source  s t r i n g .  I f  m i s  o m it te d  the  
in p u t b u f fe r  i s  used a s  the d e s t in a t io n  s t r i n g ,  
e . g .  FSTR2 ^ 0 1 , 1 , 1 0
E x tra c t  the  f i r s t  10 c h a r a c te r s  from s t r i n g  v a r ia b le  ;^01 and 
p la c e  them in  s t r i n g  v a r ia b le  ;^ 0 2 .
1 .1 3  IF
E xtension  o f  the  IF s ta tem en t f a c i l i t i e s  ( S e c t io n  4 . 6 . 2  o f  
main t e x t ) .
The o p e r a to r s  p erm itted  w ith  s t r i n g  e x p r e s s io n s  shown in  
S e c t io n  5 o f  Appendix I are  extended a s  fo l lo w s ;
oo
■ SOPR : : =  ECInE l l N I A ï I l e I L T  IgeIGT I I I  i l  I I
The new o p e r a t o r s  a r e  shown be low :
LE l e s s  t h a n  o r  e q u a l  to
LT l e s s  t h a n
GE g r e a t e r  t h a n  o r  e q u a l  to
GT g r e a t e r  t h a n
1 . 1 4  INSERT
I n s e r t  r e c o r d  i n  s u b f i l e  ( S e c t i o n  4 . 4  o f  m a in  t e x t ) .
% INSERT < a r g 1 > , < a r g 2 >
^ a r g 1 ^ : : =  n u m b e r j m a c r o - t i m e  v a r i a b l e
4p r g 2 ^ :  := ' a c t u a l  s t r i n g ' | mac r o - t i m e  v a r i a b l e ( s t r i n g  v a r i a b l e  
I n  t h e  c u r r e n t l y  s e l e c t e d  s u b f i l e ,  i n s e r t  b e f o r e  t h e  r e c o r d  
i n d i c a t e d  by  t h e  f i r s t  a rg u m e n t  t h e  i n s e r t i o n  r e c o r d  c o n t a i n e d  i n  
t h e  s e c o n d  a r g u m e n t ,  
e . g .  9b INSERT
I n s e r t  t h e  r e c o r d  c o n t a i n e d  i n  s t r i n g  v a r i a b l e  j^OJ> b e f o r e  t h e  
t h i r d  r e c o r d  o f  t h e  c u r r e n t l y  s e l e c t e d  s u b f i l e .
1 . 1 5  MAINFILE
S e t  t h e  name o f  t h e  Mai n f i l e  t o  be  u s e d  by  t h e  PG/2 macro  
p r o c e s s o r  ( S e c t i o n  4 . 7 . 5  o f  main  t e x t ) .
% M A IN F IL E ,< m ain f i l e  name^
T h i s  s t a t e m e n t  i s  u s e d  t o  ch an g e  t h e  name o f  t h e  m a i n f i l e  when i t  
i s  d e s i r e d  t o  r e f e r e n c e  a s u b f i l e  n o t  i n  t h e  c u r r e n t  m a i n f i l e .
1 . 1 6  PRINT
Empty t h e  c o n t e n t s  o f  t h e  o u t p u t  s t a c k  on t o  t h e  PG/2 o u t p u t  
d e v i c e  ( S e c t i o n  4 . 5  o f  ma in  t e x t ) .
% PRINT
o8
1 .1 7  REPLACE
R eplace s u b f i l e  record  (S e c t io n  4 .4  o f  main t e x t ) .
% REPLACE < a r g 1 > ,^ r g 2 >
^ r g 1 ^ :  number (macro,- t im e  v a r ia b le
^ a r g ^ i î =  m acro-tim e v a r i a b l e | s t r i n g  v a r ia b le  
In the c u r r e n t ly  s e l e c t e d  s u b f i l e ,  r e p la c e  the record  in d ic a t e d  by 
the  f i r s t  argument by the  rep lacem ent record co n ta in ed  in  th e  
second argument.
e . g .  % REPLACE ;^REC,;^01
R eplace the record  in d ic a t e d  by the va lu e  in  ;^REC by th e  reco rd  
co n ta in ed  in  s t r i n g  v a r ia b le  v ^ 0 1 .
1 .1 8  SAVE
Empty the c o n te n t s  o f  the output s ta c k  on to  the s p e c i f i e d  
s u b f i l e  (S e c t io n  4 .5  o f  main t e x t ) .
% SAVE,^control c o d e ^ ,^ s u b f i le  nam ^
C on tro l code 0 = s t o r e  the s ta c k  c o n te n ts  s t a r t i n g  a t  th e  b e g in n in g
o f  the named s u b f i l e  
1 = append the  s ta c k  c o n te n ts  to  the  end o f  the  named 
s u b f i l e
(2^  N.B. This  s ta tem en t su p erced es  the  s ta tem en t w ith  the  same name in
the PG/1 v e r s io n  (Appendix I S e c t io n  7 * 2 1 ) .  
e . g .  % SAVE,0,SELC0ND
Empty the  output s ta c k  and s t o r e  the  c o n te n ts  a t  the  b e g in n in g  o f  
the  SELCOND s u b f i l e .
1 .1 9  SELECT
S e l e c t  s u b f i l e  (S e c t io n  4 .4  o f  main t e x t ) .
% SELECT <arg>
^ rg V ; ;= s u b f i l e  namej macro-tim e v a r ia b le j  s t r i n g  v a r ia b le  
S et  th e  name o f  the s u b f i l e  to  which subsequent REPLACE, INSERT
oo
DELETE end  FREAD s t a t e m e n t s  w i l l  r e f e r ,  
e . g .  % SELECT CATALOGUE
S e l e c t  t h e  CATALOGUE s u b f i l e .
1 . 2 0  SQUASH
E x t e n s i o n  o f  s q u a s h  f a c i l i t y  ( S e c t i o n  4 . 6 . 6  o f  main  t e x t ) .
% SQUASHn
The s q u a s h  f a c i l i t y  ( A p p e n d ix  I  S e c t i o n  ? . 2 2 )  i s  e x t e n d e d  so t h a t
t h e  o p e r a t i o n  i s  p e r f o r m e d  on s t r i n g  v a r i a b l e  n .  I f  n i s  o m i t t e d
t h e  o p e r a t i o n  i s  p e r f o r m e d  on t h e  i n p u t  b u f f e r  a s  b e f o r e ,  b u t  i f
n i s  e q u a l  t o  0 t h e  o p e r a t i o n  i s  p e r f o r m e d  on t h e  o u t p u t  b u f f e r .
The number  o f  c h a r a c t e r s  i n  t h e  r e s u l t  i s  s t o r e d  i n  g l o b a l  
v a r i a b l e  / ^ S T C .  
e . g .  % SQUA6H5
I f  / g 0 3  i n i t i a l l y  c o n t a i n e d  ’A B C D' t h e n  i t s  c o n t e n t s  w ou ld  
become 'ABCD' and  /t iSTC w i l l  h a v e  t h e  v a l u e  4 .
1 .2 1  SWAP
I n t e r c h a n g e  c h a r a c t e r s  i n  a s t r i n g  v a r i a b l e  ( S e c t i o n  4 . 6 . 5  
o f  main  t e x t ) .
% S W A P n ^ c h a r a c t e r ^  , ^ c h a r a c t e r ^
S i n g l e  o r  m u l t i p l e  o c c u r r e n c e s  o f  t h e  l e f t - h a n d  c h a r a c t e r  i n  s t r i n g  
v a r i a b l e  n a r e  r e p l a c e d  by  s i n g l e  o c c u r r e n c e s  o f  t h e  r i g h t - h a n d  
c h a r a c t e r .  I f  n i s  o m i t t e d  t h e  i n p u t  b u f f e r  i s  u s e d  a s  t h e  s o u r c e  
s t r i n g  a n d  i f  n i s  e q u a l  t o  0 t h e  o u t p u t  b u f f e r  i s  u s e d  a s  t h e  
s o u r c e  s t r i n g .  G l o b a l  v a r i a b l e  /(3STC i s  g i v e n  an  i n t e g e r  v a l u e  
e q u a l  t o  t h e  number  o f  c h a r a c t e r s  i n  t h e  r e s u l t i n g  s t r i n g ,  
e . g .  % SWAP1,B,x
I f  /Ë 01  i n i t i a l l y  c o n t a i n e d  ’AABBCGDD' t h e n  i t  w i l l  c o n t a i n  
’AAXCCDD' a f t e r  t h e  e x e c u t i o n  o f  t h e  s t a t e m e n t  an d  /ÙSTC w i l l
ocontain 7*
1 .2 2  TIME
Obtain the cu rren t  time from the o p e r a t in g  system  e x e c u t iv e  
(S e c t io n  4 .7 . 1  o f  main t e x t ) .
% TIME
G lobal v a r ia b le  ;^CTM w i l l  then co n ta in  the time in  c h a r a c ter  
form (Appendix IV S e c t io n  2 ) .
1 .2 3  VSTR
V a r ia b le  le n g th  s t r i n g  e x t r a c t io n  CSection 4 .6 .1  o f  main
t e x t ) .
% VSTRm ; ^ n ,  |<jnacro-time v a r ia b le )  | ^ integer^J ,
^ a c r o - t i m e  v a r i a b l y  ( <j.nt e ger^
T his  s ta tem en t has th e  same fu n c t io n  a s  CALLVSTR (Appendix I 
S e c t io n  7*5) gxcep t th a t  the  o p e r a t io n  is~p®rformed on s t r i n g  n 
and the r e s u l t  i s  put in  s t r i n g  m. I f  ;^n i s  o m itted  then th e  
output b u f fe r  i s  used  as  the sou rce  s t r i n g .  I f  m i s  o m itted  th e  
in p u t  b u f fe r  i s  used a s  the d e s t in a t io n  s tr in g .:  
e . g .  VSTR1 7 ^ 0 3 ,4 ,X
( 2 )  E x tra ct  c h a r a c te r s  from s t r i n g  v a r ia b le  ;^03  s t a r t i n g  w ith  th e
fo u r th  c h a ra cter  u n t i l  an X c h a r a c ter  i s  d e te c te d  and p la c e  them 
i n  s t r i n g  v a r ia b le  ;^ 0 1 .
o11
2 .  ADDITIONAL RESERVED GLOBAL VARIABLES
The fo l lo w in g  v a r ia b le s  are rese rv e d  w ith in  the PG/2 macro 
p r o c esso r  system  and are  a d d i t io n a l  to  th ose  l i s t e d  in  S e c t io n  8 o f  
Appendix I .  Their u se  and the  s ta te m e n ts  which a f f e c t  each are  
in d ic a t e d .
CDT -  ( s ta n d s  fo r  C haracter form o f  DaTe) h o ld s  the  date  a s  e ig h t  
c h a r a c te r s  in  the  form DD/MM/YY where:
DD r e p r e s e n ts  a two d i g i t  day number
‘ MM r e p r e s e n ts  a two d i g i t  month number
YY r e p r e s e n ts  a two d i g i t  year number
The v a lu e  o f  t h i s  g lo b a l  v a r ia b le  i s  s e t  during the  e x e c u t io n  
'o f “th e  I^TE me c r o - t im e  s ta tem en t (Appendix IV S e c t io n  1 . 7 ) .
CTM -  ( s ta n d s  for  C haracter form o f  TiMe) h o ld s  the time a s  e ig h t  
c h a r a c te r s  in  the  form HH/MM/SS where:
HH r e p r e s e n ts  a two d i g i t  hour number 
„ MM r e p r e s e n ts  a two d i g i t  minute number
(22 SS r e p r e s e n ts  a two d i g i t  second number
The va lu e  o f  t h i s  g lo b a l  v a r ia b le  i s  s e t  during the  e x e c u t io n
' s .
o f  the  TIME m acro-tim e s ta tem en t  (Appendix IV S e c t io n  1 . 2 2 ) .
oo
^2
3 .  NEW SYSTEM MACRO
^MAINFILE
The' form o f  t h i s  command i s :
^MAINFILE,(^mainfile name);^
I t  ca u ses  the name o f  the m a in f i l e  r e fer en ce d  by the  PG/2 macro 
p r o c esso r  to be changed (S e c t io n  4 . 7 . 3  o f  main t e x t ) .  The PG/2 
macro p r o c esso r  c o n ta in s  a b u i l t  in  d e fa u l t  va lu e  fo r  the m a in f i l e  
name, but t h i s  command ca u ses  the  d e fa u l t  v a lu e  to  be o v e r w r it te n  
by the s p e c i f i e d  m a in f i l e  name, 
e . g .  %MAINFILE,NEXTFILE;g(
4 .  ADDITIONAL ERROR MESSAGES
The f o l lo w in g  erro r  number m essages r e p la c e  or supplem ent  
th o se  shown in  S e c t io n  9 o f  Appendix I .
71 -  Now a p p l i e s  to  a l l  f i l e  h a n d lin g  err o r s  d e te c te d  a t  the  
e x e c u t io n  s t a g e .
76 -  In a d d it io n  to  the erro r  in d ic a t e d  in  S e c t io n  9 o f  Appendix I
t h i s  error  number now a p p l i e s  to  a l l  e r r o r s  d e te c te d  in  th e  
new m acro-time s ta te m e n ts  a t  the  c o m p ila t io n  s t a g e .
77 -  This a p p l i e s  to a l l  e r r o r s  d e te c te d  in  the  new PG/2 m acro-tim e
s ta te m e n ts  a t  the e x e c u t io n  s t a g e .
3 . ADDITIONAL ARITHMETIC OPERATORS
The PG/1 macro p r o c esso r  range o f  s im ple  a r i th m e t ic  
o p e r a t io n s  between in t e g e r s  and v a r ia b le s  h o ld in g  in t e g e r  v a lu e s  
(Appendix I S e c t io n  3) i s  extended to  in c lu d e  m u l t i p l i c a t i o n  and 
d i v i s i o n . -  Thç o p e r a to r s  fo r  m u l t i p l i c a t i o n  and d i v i s i o n  are
denoted by th ç  c h a r a c te r s  * and /  r e s p e c t i v e l y .
APPENDIX V
FORMATS OF COMMON DATA SUBFILES
1 .  CATALOGUE SUBFILE 2
2 .  RELATIONAL SUBFILE 9
3 .  SUBMODEL SUBFILE _ 10
4 .  DOMAINDICT SUBFILE 13
5 .  KEYDICT SUBFILE 15
6 .  DOMAINLIST SUBFILE 15
7 .  DOMAININDEX SUBFILE 17
8 .  LABELTABLE SUBFILE 18
( 2 )  9 .  SUBFILES WHOSE NAMES HAVE: THE PREFIX PAGE 19




FORMATS OF COMMON DATA SUBFILES
The formet  d e t e i l s  o f  e l l  th e  PG/2 mecrp p r o c esso r  common 
data s u b f i l e s  used by th e  COBOL rep o r t  program g e n e r a t in g  system  
are  g iv en  in  th e  order  in  which th ey  are  u sed . Where a s u b f i l e  
c o n ta in s  more than one record  typ e  th e  record form ats are  p re se n ted  
in  th e  order  in  which th ey  occu r  in  the  s u b f i l e .  In rec o r d s  
c o n ta in in g  more than one f i e l d  th e  comma i s  used  a s  th e  f i e l d  
sep a ra to r  c h a r a c te r .
The form ats o f  th e  f o l l o w in g  s u b f i l e s  a re  d e s cr ib e d :
1 . CATALOGUE -
2 .  RELATIONDICT '
3 .  SUBI^ODEL /  /
4 .  -DOMAINDICT ;
5 .  KEYDICT -,
6 .  DOMAINLIST , '
7 .  DOMAININDEX









C ontents Type Length Max.
S iz e
Comments
1 No. o f  F i l e  
d e s c r ip t io n s  
in  the  
C atalogue
N V 3
2 No. o f  r eco rd s  
in  the  
C atalogue N V 5
3 C atalogue
Password
A F 8 Any c h a r a c te r s  in c lu d in g  
b la n k s .  Only used when 
adding or d e l e t i n g  f i l e  
d e s c r i p t i o n s .  Not used  
for  read a c c e s s .
4 No. o f  l e v e l s  
o f  s e c u r i t y  
p r o te c t io n  for  
read a c c e s s  to  
f i e l d s
N V 2 Current maximum i s  12,  
but may r e a d i l y  be 
in c r e a se d  to  s u i t  u s e r ' s  
req u irem en ts .
5 Date o f  l a s t
C atalogue
update
A F 8 DD/MM/YY where 
DD = day number 
MM = month number 
YY = year number
6 Time o f  l a s t  
Catalogue  
update
A F 8 HE/MM/SS where 
HH = hours  
MM = m inutes  
S3 = secon d s
Type; A = Alphanum eric, N = Numeric 
Length; F = F ix ed , V = V a r ia b le
Maximum record  s i z e  in c lu d in g  f i e l d  sep a ra to r  c h a r a c te r s  = 42
1.2 FILE NAME RECORD TYPE 1
O
O
F i e ld
No.




■ " ""..... .................. .
F i l e  npme A V 30 Must obey th e  r u le s  
fo r  COBOL dat a -nam es.
2 No. o f  f i e l d s  
d escr ib e d  in  th e  
C atalogue N V 4 Not a l l  f i e l d s  in  the  
f i l e  need be in c lu d e d  
in  th e  C a ta lo g u e .
3 Password-1 A F 8 H igh est s e c u r i t y  
l e v e l .
4 Password-2 A F 8 S e c u r i ty  l e v e l s  
a re  en tered  in  
d e c r e a s in g  o r d e r .
5 Password-2 A F 8 Used o n ly  i f  th r e e  
or more l e v e l s  o f  
s e c u r i t y  are  used  
in  the  C a ta lo g u e .
6 Password-4 A F 8 Used o n ly  i f  fou r  or  
more l e v e l s  o f  
s e c u r i t y  are  used  to  
p r o t e c t  th e  C ata logue  
d a ta .
Type; A = Alphanumeric, N = Numeric 
Length: F = F^xed, V = V a r ia b le
Maximum r e c o r çl s i z e  in c lu d in g  f i e l d  s ep a ra to r  c h a r a c te r s  = 72
1.3 FILE NAME RECORD TYPE 1C
T his  record i s  p r e se n t  o n ly  i f  th e  number o f  s e c u r i t y  l e v e l s  




C ontents Type Length Max.
S iz e
Comments
1 Password-3 A F 8
Only a s  many f i e l d s  a s  
are req u ired  by the  
s e c u r i t y  l e v e l  system  
are  p r e s e n t .  F i e l d s  
are  in  d e c r e a s in g  ord er  
o f  data s e n s i t i v i t y .
.................... : ..... ...  ........................
2 Password-6 A F 8
3 Password-7 A F 8
4 Password-8 A F 8
5 Password-9 A F 8
6 Passw ord-10 A - F 8
7 Passw ord-11 A F 8
8 Passw ord-12 A F 8
o Type: A = Alphanum eric, N = Numeric Length: F = F ix ed ,  V = V a r ia b le
Maximum reco rd  s i z e  in c lu d in g  f i e l d  s ep a ra to r  c h a r a c te r s  = 72




C ontents Type Length Max.
S iz e
C ontents
1 D e s c r ip t io n  
o f  f i l e  
c o n te n t s
A V 70 The c o n te n t s  o f  t h i s  f i e l d  
i s  e n t i r e l y  a t  th e  u s e r ' s  
d i s c r e t i o n .  A f i e l d  
sep a ra to r  c h a r a c te r  i s  not  
used to  term in ate  t h i s  
f i e l d .
o Type: A = Alphanumeric Length: V = V priab le
Maximum record  s i z e  = 70 c h a r a c te r s










1 F i l e  mpdium A F 2 CR = c a r d s ,
PT = paper ta p e ,
MT = m agnetic ta p e ,
ED = exchangeable  d i s c .
2 Maximu# b lock  
s i z e
N V 4 1^  Block s i z e  ^ 2048
3 Maximum record  
s i z e
N V 4 1 ^R ecord s i z e  4 Maximum 
block  s i z e
4 F i l e  l a b e l A F 12 Only used fo r  NT and 
ED f i l e s .
3 A ccess  mode A F 1 Used o n ly  fo r  ED f i l e s .  
S = s e q u e n t ia l  
R = random
6 O rg a n isa t io n A F 1 Used o n ly  fo r  random 
a c c e s s  ED f i l e s .
D = d i r e c t  
I = in d exed
7 Length o f  
sym bolic  key
N V 2 Used o n ly  fo r  random 
a c c e s s  ED f i l e s .
1 ^ Length $ 64
8 No. o f  f i e l d s  
forming the  
sym bolic  key  
or  s o r t  key
N " V 1 1^ Number^ 9
Type: A c  Alphanum eric, N = Numeric 
Length: F = Fixed^ V = V a r ia b le
Maximum record size including field  separator characters = 33
1.6 FIELD DESCRIPTION RECORD TYPE 1
O
o
F ie ld !
No.
C ontents
1 F ie ld  name
8
S e c u r i ty
l e v e l
3 I S t a r t  
p o s i t io n
4 I Length o f  
f i e l d
3 F ie ld  type
6 I Decimal p o in t  





7 I Key f i e l d  





in d ic a t o r
Length Max.
s iz e !
Comments
14 [Must obey the  r u le s  fo r  
COBOL dat a -names and not  
begin  w ith  a Z.
1 = H igh est s e c u r i t y
l e v e l .  
1 6 L e v e l^  Value  
s p e c i f i e d  in  F ie ld  4 o f  
the C atalogue C ontro l  
rec o r d .
4 j l ^ S t a r t  p o s i t i o n  ^ Record
s i z e
4 11  ^ Length ^ 120 and
S ta r t  p o s i t i o n  + Length  
4 Record s i z e
1 IA = Alphanumeric 
N = Numeric
4 IL fo r  L e f t  or R fo r  R ight  
fo l lo w ed  by up to  3 
unsigned  d i g i t s .
1  ^ Key n o . 3 Value  
s p e c i f i e d  in  F ie ld  8 
o f  F i l e  name record  
type 3 .
1 = major key  f i e l d  
0 = non-key f i e l d
1 IA = A scending  
D = D escending  
Used o n ly  fo r  key f i e l d s .
1 I Y = Y es , N = No.
Used fo r  a l l  f i e l d s  
excep t th e  major k e y .
Type: A = Alphanum eric, N = Numeric 
Length; F = Fd^xed, V = V a r ia b le
Maximum record size including field  separator characters = 41
o1.7 FIELD DESCRIPTION RECORD TYPE 2
F ie ld
No.
C ontents Type Length Max.
s i z e
Comments
1 D e sc r ip t io n  
o f  f i e l d  
c o n te n t s
A V 70 The c o n te n t s  o f  t h i s  f i e l d  
i s  e n t i r e l y  a t  th e  u s e r ’s  
d i s c r e t i o n .  f i e l d  
sep a ra to r  c h a r a c ter  i s  not  
used to  term in a te  t h i s  
f i e l d
O Type: A = Alphanumeric Length: V = V ar iab le
Maximum recor^^ s i z e  s  70 c h a r a c te r s
2. RELATIONDICT SUBFILE
2 .1  RELATION DICTIONARY RECORD
The s u b f i l e  i s  m ain ta ined  i n  a scen d in g  R e la t io n  name 




C ontents Type Length Max.
s i z e
Comments
1 R e la t io n  name A V 30 Must obey the  r u l e s  fo r  
COBOL data-names and not  
begin  w ith  a Z.
2 Password A F 8 Password fo r  the  h ig h e s t  
s e c u r i t y  l e v e l  o f  data  
to  which th e  u se r  may 
have a c c e s s .
Type: A = Alphanum eric, N = Numeric
Length: F = F^xed, V = V a r ia b le








Consents Type Length Max.
s i z e
Comments
1 No. o f  F i l e  
d e s c r ip t io n s  
in  the  
Submodel
N V 5 This w i l l  be l e s s  than  
or equal to  the  number 
o f  F i l e  d e s c r ip t io n s  
in  th e  C a ta lo g u e .
2 No. o f  r eco rd s  
in  the  
Submodel 
s u b f i l e
N V 5 This w i l l  be l e s s  than  
or equal to  th e  number 
o f  r eco rd s  in  th e  
C ata logu e .
Type! N = Numeric 
Length: V = V ar iab le
Maximum record  s i z e  in c lu d in g  f i e l d  s ep a ra to r  c h a r a c te r s  = 12




C ontents Type Length Max.
s i z e
Comments
1 F i l e  name A V 3 0 The SUBMODEL f i l e  
d e s c r ip t io n s  are  
m ainta ined  in  
F i l e  name o r d e r .
2 No. o f  f i e l d s  
d escr ib e d  in  
th e  Submodel
N V 4 T his w i l l  be l e s s  than  
or equal to  the  n o . o f  
f i e l d s  d e s c r ib e d  in  
the C a ta lo g u e .
Type: A = Alphanumeric, N = Numeric 
Length: V = V ar iab le
Maximum record  s i z e  in c lu d in g  f i e l d  sep a ra to r  c h a r a c te r s  = 3&
NoB, There a:pe no F i l e  name r ec o r d s  o f  type 1C or  2 i n  th e  
SUBMODEL s u b f i l e .





C ontents Type Length Max.
s i z e
Comments
1 F i l e  medium A F 2
2 Maximum block  
s i z e
N V 4
3 Maximum record  
s i z e
N V 4
4 F i l e  l a b e l A F 12
T his record  i s  i d e n t i c a l
5 A ccess  mode A F 1
w ith  i t s  CATALOGUE 
s u b f i l e  c o u n te r p a r t .
6 O rg a n isa t io n A F 1
7 Length o f  
Symbolic key
N V 2
8 No. o f  f i e l d s  
forming the  
sym bolic  or  
s o r t  kgy
N V 1
O
Type: A = Alphanum eric, N = Numeric 
Length: F = F ix ed ,  V = V a r ia b le
Maximum record  s i z e  in c lu d in g  f i e l d  sep a ra to r  c h a r a c te r s  = 35
12





Contents Type Length Max.
size
Comments
1 Field name A V 15 The Field name from the 
CATALOGUE subfile with 
the possible addition  
of a numeric su ffix  for 
non-key f ie ld s  whose 
names are also in  




3 Length o f  
f ie ld
N V 4
4 Field type A F 1 '
5 Decimal point 
location
A V 4 These f ie ld s  are 
identical to those in  
the corresponding Field  
description record type 1
in the CATALOGUE su b file .
'6 Key f if ld  indicator







Type: A = Alphanumeric, N = Numeric 
Length: F = Fixed, V = Variable
Maximum record size  including f ie ld  separator characters = 59
o13
4. DOmiNDICT SUBFILE
4 .1  CONTROL RECORD
F ie ld
No.
C ontents Type Length Max.
s i z e
Comments
1 Domain count N V 5 Count o f  Domain d e s c r ip t io n  
reco rd s  in  the  DOMAINDICT 
s u b f i l e .  A f i e l d  s e p a ra to r  
c h a r a c te r  i s  n o t  used  to  
term in ate  t h i s  f i e l d .
O ty p e:  N = Numeric  ^ Length: V = V a r ia b le
Maximum record  s i z e  » 3  c h a r a c te r s
14
4.2 DOMAIN DESCRIPTION RECORD






Contents Type Length Max.
size
Comments
1 Field name 
(Domain name)
A V 15 The fie ld  name from the 
CATALOGUE subfile with 
the possible addition  
of a numeric suufix for 
non-key f ie ld s  whose 
names are also in 
another f i l e .
2 Length of 
fie ld
N V 4
3 Field type A F 1 A = Alphanumeric 
N c Numeric
4 Decimal poin% 
location
A V 4 L for Left or R for Right 
followed by up to 3 
unsigned d ig its .
5 Key fig ld  
indica|or
N F 1 0 = non-key fie ld
1 = major key f ie ld
6 Sequence
order
A F 1 A = Ascending
D = Descending
Used only for key f ie ld s .
7 Domain
indicator
A F 1 Y = Yes, N = No.
Used for a l l  f ie ld s  
except the major key.
Type: A = Alphanumeric, N = Numeric 
Length: F = Fixed, V = Variable
Maximum record s ize  including f ie ld  separator characters = 3^
15
KEYDICT SUBFILE
5 .1  KEY DICTIONARY RECORD
This s u b f i l e  e lw s y s  c o n ta in s  n in e  reco rd s  n ot a l l  o f  which  
may be in  u s e .  The rec o r d s  are  in  major to  minor key  order  and 
th e  number o f  r ec o r d s  c u r r e n t ly  in  use i s  g iv e n  by th e  v a lu e  in  




C ontents Type Length Max.
s i z e
Comments
1 Key domain 
name
A V 14 This f i e l d  i s  not  
term inated  by a f i e l d  
sep a ra to r  c h a r a c te r .
O
Type: A = Alphanumeric 
Length: V = V a r ia b le
Maximum record  s i z e  = 14 c h a r a c te r s
6 .  DOMAINLIST SUBFILE
6 .1  CONTROL RECORD
F ie ld
No.
C ontents Type Length Max.
s i z e
Comments
1 Domain count N V 5 Count o f  Domain 
d e s c r ip t io n  rec o r d s  in  
the DOMAINLIST s u b f i l e .  
F ie ld  s ep a ra to r  o m it te d .
Type: N = Numeric 
Length: V = V a r ia b le
Maximum record  s i z e  s  5 c h a r a c te r s
6.2 DOMAIN DESCRIPTION RECORD
These r eco rd s  s r e  m s in ts ln e d  i n  a scen d in g  Domain name 






C ontents Type Length Max.
s i z e
Comments
1 F i e ld  name A V 15 Domain name
2 T o t a l l in g
marker
A F 1 T = T o ta ls  req u ired  
blank = T o ta ls  not  
req u ired
3 Length o f  
f i e l d
N V 4
4 F i e ld  type A F 1 A = Alphanumeric  
N = Numeric
5 Decimal p o in t A V 4 L fo r  L e f t  or R fo r  
Right fo l lo w e d  by up to  
3 un sign ed  d i g i t s .
Used o n ly  fo r  numeric  
f i e l d s
6 Key f i e l d  
in d ic a t o r
N F 1 0 = non-key f i e l d
1 = major key f i e l d
7 Sequence
order
A F 1 A = A scending
D = D escending
Used o n ly  fo r  key  f i e l d s .
8 Domain
in d ic a t o r
A F 1 Y = Yes, N = No.
Used fo r  a l l  f i e l d s  
ex cep t  th e  major k e y .
Type? A = Alphanumeric, N = Numeric 
Length; F = F ix e d ,  V = V a r ia b le
Maximum record  s i z e  in c lu d in g  f i e l d  sep a ra to r  c h a r a c te r s  = 36
17
7. DOMAININDEX SUBFILE
7 .1  DOMAIN DESCRIPTION RECORD
This  s u b f i l e  i s  m ainta ined  in  a scen d in g  Domain name 





Contents Type Length Max*
s i z e
Comments
1 Domain or  
Item name
A V 13
2 T o t a l l in g
marker
A F 1 T = t o t a l s  req u ired  
blank = t o t a l s  not  
req u ired  
S = t o t a l s  req u ired  
fo r  temporary item  
E = t o t a l s  not  
req u ired  fo r  
temporary item
3 Length of 
f i e l d
N V 4
4 F i e ld  type A F 1 A = Alphanumeric  
N = Numeric
5 Decimal p o in t  
l o c a t io n
A V 4 L fo r  L e f t  or R fo r  
Right fo l lo w ed  by up 
to  3 u n sign ed  d i g i t s .
6 Key f i e l d  
in d ic a t o r
N F 1 0 = non-key item
1 = major key  item
7 Sequence
order
A F 1 A = A scending
D = D escending
Used o n ly  fo r  key  f i e l d s .
8 Domain
in d ic a t o r
A
.
F 1 Y = Yes, N = No.
Used fo r  a l l  f i e l d s  
ex cep t  th e  major k e y .
Type: A = Alphanumeric, N = Numeric 
Length: F = F ix ed ,  V = V a r ia b le
Maximum record  s i z e  in c lu d in g  f i e l d  s ep a ra to r  c h a r a c te r s  = 3^
8 . LABELTABLE SUBFILE
8 .1  LABEL RECORDS
The f i l e  c o n ta in s  19 reco rd s  and i s  m aintained  in  
a lp h a b e t i c a l  order o f  Label c h a r a c te r .  F i e ld s  2 ,3  and k  are  






C ontents Type Length Max.
s i z e
Comments
1 Label
ch a r a cter
A F 1 The f o l lo w in g  are  v a l id  
l a b e l  c h a r a c te r s :  
A E F G H I J K L N O Q  
T U V W X y Z
2 Domain or  




3 T o t a l l in g
marker
A F 1 T = t o t a l s  req u ired  
blank = t o t a l s  not  
req u ired  
S = t o t a l s  r eq u ired  fo r  
temporary item  
E = t o t a l s  not  
req u ired  fo r  temporary  
item
4 F ie ld  type A F 1 A = Alphanumeric 
N = Numeric
Type; A = Alphanumeric, N = Numeric 
Length: F = F ix ed ,  V = V a r ia b le
Maximum record  s i z e  in c lu d in g  f i e l d  sep a ra to r  c h a r a c te r s  = 22
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9 .  SUBFILES WHOSE NAMES HAVE THE PREFIX PAGE
q .1 CONTROL RECORD
F i e ld  
No.
C ontents Type Length Max.
s i z e
Comments
1 Line count N V 2 Count o f  th e  number o f  
l i n e  reco rd s  in  the  s u b f i l e .  
F i e ld  sep a ra to r  o m it te d .
Type: N = Numeric 
Length: V = V ar iab le
O Maximum record  s i z e  = 2 c h a r a c te r s
9 .2  LINE RECORD
o
F i e ld  
N o.
C ontents
L i n e  format
Type
Type: A = Alphanumeric 
Length: V = V a r ia b le
Length Max.
s i z e
7 0
Comments
Non-blank l i n e  form ats  
are  a s  en tered  by th e  
u ser  but w ith  th e  v i s i b l e  
space and t e x t
d e l im i t e r  ( ” ) c h a r a c te r s  
r e p la ce d  by b la n k s .
Blank l i n e s ,  s p e c i f i e d  
e x p l i c i t l y  or  by d e f a u l t ,  
a re  denoted  by a g r e a t e r  
than c h a r a c ter  (X) i n  th e  
f i r s t  p o s i t i o n .  T h is  i s  
because  th e  FREAD macro­
tim e s ta tem en t  i s  u n ab le  to  
read b la n k , i . e .  em pty, 
s u b f i l e  r e c o r d s .  F i e l d  
sep a ra to r  c h a r a c te r  o m it te d .
Maximum record  s i z e  = 70 c h a r a c te r s
20
10. PICTUREDICT SUBFILE
10 .1  PICTURE DICTIONARY RECORD
T his  s u b f i l e  i s  m ein te in ed  in  a scen d in g  Domain name o r d e r .  
The second f i e l d  i s  n o t  d e l im ite d  by a jcomme se p a r a to r  c h a r a c te r  
86 t h i s  i s  a y a l i d  p ic t u r e  s t r i n g  c h a r a c te r .
O
F ie ld  
No •
Consents Type Length Max.
s i z e
Comments
1 Domain or  
Temporary item  
name
A V 15 '
2 COBOL
p ic tu r^  s t r i n g A V 50 F i e ld  sep a ra to r  c h a r a c te r  
o m it te d .
Type: A = Alphanumeric 
Length: V = V ar iab le
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APPENDIX VI
LANGUAGE FACILITIES FOR COBOL GENERATION
T h i s  a p p e n d i x  c o n t a i n s  a n  i n i t i a l  a t t e m p t  a t  d e f i n i n g  t h e  
f a c i l i t i e s  o f  a h i g h  l e v e l  l a n g u a g e  w hich  a r e  d e s i r a b l e  f o r  COBOL 
g e n e r a t i o n  an d  i s  b a s e d  on t h e  e x p e r i e n c e  g a i n e d  w h i l e  u s i n g  t h e  
PG/2 macro  p r o c e s s o r .  The m a t e r i a l  i s  p r e s e n t e d  u n d e r  t h e  
f o l l o w i n g  h e a d i n g s :
1 .  B a s i c  s t r u c t u r e
2 .  Data t y p e s
3 .  I n p u t / O u t p u t
4 .  P rogram  c o n t r o l  an d  d a t a  m a n i p u l a t i o n  
5» E r r o r  d e t e c t i o n
1 .  BASIC STRUCTURE
1 .  F a c i l i t i e s  f o r  s u b r o u t i n e s  w i t h  names and  a r g u m e n t s .
2 .  O v e r l a y  o r  c h a i n i n g  f a c i l i t i e s .
3 .  Comments f a c i l i t y  f o r  a n n o t a t i n g  s o u r c e  c o d e .
4 .  A c c e s s - t o :  a s s e m b l y  l a n g u a g e  s u b r o u t i n e s ,  i f  n e c e s s a r y .
O 2 .  DATA TYPES
1 .  I n t e g e r  a n d  R e a l  v a r i a b l e s .
2 .  V a r i a b l e  l e n g t h  c h a r a c t e r  s t r i n g s .
3 .  L o g i c a l  v a r i a b l e s .
4 .  G l o b a l  o r  Common v a r i a b l e s .
5 .  A r r a y s  w i t h  a t  l e a s t  two d i m e n s i o n s .
6 .- A c c e s s  t o  s p e c i a l  o p e r a t i n g  s y s t e m  v a r i a b l e s ,  e . g .  d a t e  
an d  t i m e .
7* Use o f  l i t e r a l s  -  a l p h a b e t i c ,  n u m e r i c  a n d  a l p h a n u m e r i c .
3 .  INPUT/OUTPUT
1 .  E f f i c i e n t  a c c e s s  t o  b a c k i n g  s t o r e  f i l e s .
2 .  S e q u e n t i a l ,  random a n d / o r  i n d e x e d  s e q u e n t i a l  a c c e s s  t o  
r e c o r d s  i n  b a c k i n g  s t o r e  f i l e s .
3 .  D a ta  e d i t i n g  f a c i l i t i e s ,  e . g .  i n s e r t i o n  o f  c u r r e n c y  
s y m b o l s  a n d  p u n c t u a t i o n  c h a r a c t e r s  e t c .
4 .  F o r m a t t e d  an d  u n f o r m a t t e d  i n p u t / o u t p u t .
4 .  PROGRAM CONTROL AND DATA MANIPULATION
1.  U n c o n d i t i o n a l  and  c o n d i t i o n a l  c o n t r o l  s t a t e m e n t s .
2 . A r i t h m e t i c  e x p r e s s i o n s  w i t h  o p e r a t o r s  f o r  a d d i t i o n ,  
s u b t r a c t i o n ,  m u l t i p l i c a t i o n  an d  d i v i s i o n  o f  v a r i a b l e s .
3 .  C o m p a r i s o n  o p e r a t o r s  f o r  i n t e g e r ,  r e a l  a n d  c h a r a c t e r  
s t r i n g  v a r i a b l e s ,  i . e .  = ,  , ^ s n d
4 .  L o g i c a l  o p e r a t o r s  AND a n d  OR.
3« N um er ic  c h a r a c t e r  c o n v e r s i o n  t o  r e a l  o r  i n t e g e r  a n d
v i c e  v e r s a .
6 . V a r i a b l e  a n d  f i x e d  l e n g t h  s t r i n g  e x t r a c t i o n  f a c i l i t i e s ,
7 .  C o n c a t e n a t i o n  o f  s t r i n g s ,
8 . S t r i n g  p r o c e s s i n g  f a c i l i t i e s  f o r  p a t t e r n  m a t c h i n g .
9* F a c i l i t i e s  f o r  r e m o v i n g  a n d / o r  r e p l a c i n g  c h a r a c t e r s  i n
s t r i n g s .
1 0 .  F a c i l i t i e s  f o r  d e t e r m i n i n g  t h e  l e n g t h  o f  a c h a r a c t e r  
s t r i n g .
1 1 .  S t r i n g  c l a s s  v a l i d a t i o n  f a c i l i t i e s ,  i . e .  n u m e r i c ,  
a l p h a b e t i c  o r  a l p h a n u m e r i c .
1 2 .  Macro e x p a n s i o n  f a c i l i t i e s  f o r  p r o g r a m  g e n e r a t i o n  
( f l e x i b l e  t e m p l a t e s ) .
3. ERROR DETECTION
1 .  Good d i a g n o s t i c s  a t  c o m p i l a t i o n  a n d  e x e c u t i o n  t i m e






COBOL REPORT GENERATING SYSTEM MACRO PROCESSING DETAILS
I .  PROMPT ROUTINE
2* SEARCH ROUTINE
3 .  INVALID RESPONSE ROUTINE
4 .  DEFAULT RESPONSE ROUTINE
5 .  LIBPRELIM MACRO
6 .  LIBDELETE MACRO
7 .  LIBADD MACRO
8 . STAGE3 MACRO
9 .  STAGE3-1 MACRO
10. STAGE4 MACRO




1 4 . STAGE6 MACRO
13 . STAGE? MACRO
16. STAGES MACRO
17 . STAGE9 MACRO
18 .  IDENTIFICATION, VALIDATION AND GENERATION OF FIELD 
DESCRIPTIONS
19. WRITEPARA MACRO
2 0 .  TITLEPARA MACRO
2 1 .  PHEADPARA MACRO
2 2 .  SBHPARAn MACROS
23 . STLPARAn MACROS
2 4 .  TOTALPARA MACRO
25 . COMBINATIONS OF REPORT OUTPUT CATEGORIES AND ASSOCIATED 
PAGE SIZE CONDITIONS
26 .  OWNnsme MACROS •





























2 8 .  CONSTANTS MACRO 68
29 .  HELP MACRO 69
30 .  SUMMARY OF SUBFILE USAGE AND INITIALISATION 7I
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The m a t e r ia l  i n  t h i s  appendix  supplem ents Chapter 7 o f  th e  
main t e x t  by p r o v id in g  fu r th e r  d e t a i l s  about th e  f o l lo w in g :
1 . F req u en tly  used r o u t in e s .
2 .  V a l id a t io n  o f  u se r  r e s p o n s e s .
3* C atalogue m aintenance m acros.
4 .  Problem s p e c i f y i n g  m acros.
3* 'Grown* macro o u t l i n e s .
6 . S u b f i l e  u s a g e .
A l l  macros used  du rin g  th e  problem s p e c i f y i n g  d ia lo g u e  have  
one parameter which i s  a lw ays th e  % c h a r a c te r .  When macro 
d e f i n i t i o n s  are  'grown* the  parameter i s  used in  th e  g e n e r a t io n  
o f  system  mac?o and m acro-tim e s ta te m e n ts  ( c . f .  S e c t io n  3 . 6 . 2  o f  
th e  main t e x t ) .  A change in  the  o p e r a t in g  system  used fo r  th e  
development o f  th e  COBOL g e n e r a t in g  system  enab led  the  d e f a u l t  




T his  r o u t in e  i s s u e s  a prompt c h a r a c te r ,  read s  the  u s e r ' s  
r e p ly  and d e t e c t s  a p lea  fo r  h e lp .  The r o u t in e  i s  p r e se n t  i n  a l l  
th e  problem s p e c i f y i n g  macros which r eq u ire  th e  u s e r  to  e n te r  a 
r e s p o n se .
The r o u t in e  f o r c e s  th e  o p e r a t in g  system  i n v i t a t i o n  to  typ e  
c h a r a c te r  (4-) on to  a new l i n e  by w r i t in g  o u t a co lo n  c h a r a c te r  
th u s:
The u se r  then has up to  70 c h a r a c te r s  a v a i la b le  fo r  ty p in g  h i s  
resp o n se  l i n e .  The resp o n se  i s  rea d , the f i r s t  f i v e  c h a r a c t e r s  
are  e x tr a c te d  from th e  in p u t  b u f fe r  and t e s t e d  to  s e e  i f  th e y  
are  '%HELP'. I f  h e lp  has been req u ested  the  r o u t in e  c h a in s  to  
th e  HELP macrp, o th e r w ise  c o n tr o l  r e tu r n s  to  th e  s ta tem en t  
f o l l o w in g  th a t  which c a l l e d  th e  r o u t in e .  The s ta tem en t  to  which  
c o n t r o l  i s  retu rn ed  i s  u s u a l l y  th e  f i r s t  o f  s e v e r a l  which v a l i d a t e  
th e  r e s p o n se .
The l i s t i n g  o f  th e  STAGE2 macro (Item  18 in  th e  s e p a r a te  
f o ld e r )  i l l u s t r a t e s  th e  u se  o f  t h i s  r o u t in e ,  th e  f i r s t  s ta te m e n t  
o f  which i s  l a b e l l e d  9000 . In macros not in  th e  same m a in f i l e  
a s  the  HELP macro, th e  CONTINUE sta tem en t  w ith  th e  l a b e l  9001 




T his  r o u t in e  c a r r i e s  out a b in ary  sea rch  o f  th e  Domain 
d ic t io n a r y  lo o k in g  fo r  a p a r t i c u la r  domain or  temporary item  
name.
The Domain d i c t i o n a r y  s u b f i l e ,  DOMAININDEX, i s  h e ld  in  
a lp h a b e t i c a l  order  o f  domain name, which o c c u p ie s  the f i r s t  f i e l d  
o f  each record  (Appendix V S e c t io n  7 ) .  The count o f  the  number 
o f  rec o r d s  in  th e  s u b f i l e  i s  m ainta ined  in  g lo b a l  v a r ia b le  ;^DMCT.
The r o u t in e  e x p e c t s  the  name o f  th e  domain fo r  which th e  
sea rch  i s  b e in g  made to  be s to r e d  in  s t r i n g  v a r ia b le  ; ^ 09 . The 
r o u t in e  s e t s  l o c a l  v a r ia b le  ;fllND equal to  zero  i f  the  sea r c h  i s  
s u c e s s f u l  and equal to  1 i f  i t  i s  n o t .
A DOMAININDEX reco rd  i s  read énd s to r e d  in  s t r i n g  v a r ia b le  
7^ 01 , from which th e  domain name f i e l d  i s  e x tr a c te d  i n t o  s t r i n g  
v a r ia b le  ; ^ 0 2 .  L oca l v a r ia b le s  ;^LOW,, ^HIGH and ) ^ U B  a re  used  
to  c a l c u l a t e  th e  number o f  th e  record  to  be rea d .
I f  a sea rch  i s  u n s u c c e s f u l ,  l o c a l  v a r ia b le  ;^LOW p o in t s  to  
th e  p o s i t i o n  in  th e  s u b f i l e  where, i f  d e s ir e d ,  a new record  
c o n ta in in g  d e t a i l s  about th e  /609  domain may be i n s e r t e d .
The l i s t i n g  o f  the  STAGE5 macro (Item  22 i n  th e  s e p a r a te  
f o ld e r )  i l l u s t r a t e s  th e  u se  o f  t h i s  r o u t in e ,  which b e g in s  w ith  
th e  s ta tem en t l a b e l l e d  8OOO.
3 .  INVALID RESPONSE ROUTINE
T his  r o u t in e  o u tp u ts  the  'INVALID RESPONSE*, m essage .
A l l  u se r  r e sp o n se s  are  v a l id a t e d  and where p o s s ib l e  a 
m eaningfu l erro r  message i s  output b e fo r e  th e  i n v i t a t i o n  to  typ e  
i s  r e i s s u e d .  There a r e ,  however, many in s t a n c e s  where a s im p le  
resp on se  o f  o^e or two c h a r a c te r s  i s  r e q u ir e d .  Here an e r r o r ,  i f  
i t  o c c u r s ,  i s  u s u a l l y  ob v iou s  and o f t e n  o n ly  a ty p in g  e r r o r .  In
oo
such c ircu m sta n ces  u se  i s  made o f  t h i s  r o u t in e  which m erely  p r in t s  
th e  words 'INVALID RESPONSE'. On re tu rn  from t h i s  r o u t in e  c o n t r o l  
i s  passed  aga;|.n to  th e  prompt i s s u i n g  s ta te m e n t ,  the l a b e l  o f  
which appears a s  th e  second parameter o f  the  OBEY m acro-tim e  
s ta tem en t  which i n i t i a t e d  th e  c a l l  to  the  r o u t in e .
The l i s t i n g  o f  th e  STAGE5 macro (Item  22 in  th e  s ep a ra te  
f o ld e r )  i l l u s t r a t e s  th e  u se  o f  t h i s  r o u t in e ,  which b e g in s  w ith  
th e  s ta tem en t l a b e l l e d  2100 .
■ V
4 .  DEFAULT RESPONSE ROUTINE
T his  r o u t in e  o u tp u ts  th e  'D e fa u lt  r e sp o n se '  m essage.
During the  cou rse  o f  the  problem s p e c i f y i n g  d ia lo g u e  th e r e  
a r e  many in s t a n c e s  where a y e s /n o  answer i s  r eq u ired  to a q u e s t io n .  
T his  r o u t in e ,  which i n s t r u c t s  th e  u se r  to  e n te r s  h i s  r e p ly  a s  a 
s i n g l e  ch a r a c ter  'Y' or 'N ' or  to  a c c e p t  'no' a s  th e  d e f a u l t  r e p ly ,  
i s  c a l l e d  fo r  t h i s  p u rp ose .
The r o u t in e  i s  i l l u s t r a t e d  in  th e  l i s t i n g  o f  th e  STAGE5 
macro (Item  22 in  th e  s e p a r a te  f o ld e r )  and b e g in s  a t  th e  s ta te m e n t  
l a b e l l e d  2200 .
I
5 .  LIBPRELIM MACRO
Further d e t a i l s  o f  th e  f i v e  p r o c e s s in g  t a s k s  o f  th e  LIBPRELIM 
macro are  givqn b e low . On th e  l i s t i n g  o f  the  macro (Item  l 4  i n  
th e  s e p a r a te  f o ld e r )  th e  b e g in n in g  o f  each ta sk  has been  
h ig h l ig h t e d .
1 .  The u ser  i s  prompted to  e n te r  one o f  th re e  v a l i d  
o p t io n s  -  ADD, DELETE or FINISH. Any o th er  resp o n se  by th e  u s e r  
c a u ses  an erro r  message to  be ou tp u t and the  prompt i s  r e i s s u e d .
2 .  The d ia lo g u e  prompts th e  u ser  to  e n te r  th e  name o f  th e  
f i l e  whose d e s c r ip t io n  i s  to  be added or  d e l e t e d .  The f i l e  name
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i s  v a l id a t e d  to  ensure th a t  i t  conforms w ith  th e  COBOL r u l e s  fo r  
data-nam es (Table 5 . 1 ) .  An a d d i t io n a l  r e s t r i c t i o n ,  i . e .  data-names  
may n ot b eg in  w ith  a Z, i s  imposed to  a vo id  u se r  f i l e  names 
d u p l ic a t in g  th o se  g en era ted  in  th e  COBOL program which a l l  have Z 
a s  a p r e f i x .  The u ser  i s  o n ly  reminded o f  th e  r u le s  fo r  th e  
fo rm atiou vof data-names when he i n f i n g e s  one o f  them. He i s  then  
prompted to  e n ter  a d i f f e r e n t  name.
5# The u ser  i s  prompted to  e n te r  the top  s e c u r i t y  l e v e l  
password ( l e v e l  1) fo r  the  f i l e .
4 .  The F i l e  name typ e  1 reco rd s  o f  th e  CATALOGUE s u b f i l e  
are  search ed  to s e e  i f  th e  u s e r ' s  f i l e  name i s  a lr e a d y  in  th e  
C a ta lo g u e . The count o f  f i e l d s  d escr ib ed  in  th e  cu rren t f i l e  
d e s c r ip t io n  i s  e x tr a c te d  and used  to g e th e r  w ith  th e  number o f  
s e c u r i t y  l e v e l s  used  to p r o te c t  the  C atalogue to  c a l c u l a t e  th e  
number o f  th e  n e x t  record  to  be examined. As th e  C atalogue f i l e  
d e s c r ip t io n s  qre recorded  in  a sce n d in g  f i l e  name o r d e r ,  th e  sea rch  
s to p s  when on§ o f  th e  fo l lo w in g  th re e  c o n d it io n s  i s  s a t i s f i e d :
The r eq u ir ed  f i l e  name i s  found.
A l l  th e  Filenam e type 1 reco rd s  in  th e  CATALOGUE 
s u b f i l e  have Içïeen examined w ith ou t f in d in g  th e  req u ir ed  f i l e  name.
(2 )  A f i l e  name g r e a t e r  than th a t  en te r ed  by th e  u s e r
i s  found.
G lobal v a r ia b le  ;^FERR i s  s e t  equal to  zero or 1 depending on 
whether or  n o t  th e  r eq u ired  f i l e  name i s  found. I f  th e  f i l e  name
i s  lo c a t e d  but th e  u se r  has not s u p p lie d  the c o r r e c t  l e v e l  1
password, g lo b a l  v a r ia b le  ;^PERR i s  s e t  equal to  1 ,  o th e r w is e  i t  
i s  s e t  eq u a l to  z e r o .  These g lo b a l  v a r ia b le s  a re  in t e r r o g a t e d  
in  th e  LIBADD and LIBDELETE m acros.
5* C ontro l p a s s e s  to  th e  LIBADD or LIBDELETE macro 
depending on th e  o p t io n  s e l e c t e d  a t  th e  b eg in n in g  o f  th e  LIBPRELIM 
macro. G lobal v a r ia b le  f^(X)PT c o n ta in s  th e  o p t io n  c h o sen .
T a b le  3*1 COBOL r u l e s  f o r  d a t a - n a m e s
O
O
Not  more  t h a n  30  c h a r a c t e r s  l o n g  
No im bedded  b l a n k s
O n ly  a l p h a b e t i c ,  n u m e r i c  and  hyphen  c h a r a c t e r s  a l l o w e d  
F i r s t  an d  l a s t  c h a r a c t e r s  m a y /n o t  be h y p h e n s  
A t  l e a s t  one  a l p h a b e t i c  c h a r a c t e r  m us t  b e  p r e s e n t
6 .  LIBDELETE MACRO
F u r t h e r  d e t a i l s  o f  t h e  p r o c e s s i n g  t a s k s  c a r r i e d  o u t  b y  t h e  
LIBDELETE macro a r e  g i v e n  b e l o w .  On t h e  macro  l i s t i n g  ( I t e m  13 i n  
t h e  s e p a r a t e  f o l d e r )  t h e  b e g i n n i n g  o f  eac h  t a s k  h a s  b e e n  
h i g h l i g h t e d .
1 .  The C a t a l o g u e  s e a r c h  c a r r i e d  o u t  by  t h e  LIBPRELIM macro  
m us t  h a v e  b e e n  s u c c e s s f u l ,  i . e .  t h e  ;^FERR g l o b a l  v a r i a b l e  u s e d  a s  
t h e  f i l e  name e r r o r  i n d i c a t o r  m us t  c o n t a i n  z e r o .  I f  a n o n - z e r o  
v a l u e  i s  d e t e c t e d  t h i s  i n d i c a t e s  t h a t  t h e  g i v e n  f i l e  i s  n o t  
d e s c r i b e d  i n  t h e  C a t a l o g u e  and  a m e ss a g e  to  t h i s  e f f e c t  i s  o u t p u t  
on t h e  u s e r ' s  t e r m i n a l .
2 .  The u s e r  m u s t  h a v e  b e e n  a b l e  t o  s u p p l y  t h e  t o p  s e c u r i t y  
p a s s w o r d  ( l e v e l  1)  f o r  t h e  f i l e  i n  t h e  LIBPRELIM m a c r o ,  i . e .  g l o b a l  
v a r i a b l e  ;i^PERR m u s t  c o n t a i n  z e r o .  I f  a n o n - z e r o  v a l u e  i s  d e t e c t e d  
t h e  u s e r  i s  a d v i s e d  t h g t  h i s  p a s s w o r d  i s  u n a c c e p t a b l e  a n d  t h a t  h i s  
r e q u e s t  t o  d e l e t e  t h e  f i l e  d e s c r i p t i o n  h a s  b e e n  c a n c e l l e d .
3 .  A f t e r  t h e  s u c c e s s f u l  s e a r c h  o f  th e  CATALOGUE subfile i n  
t h e  LIBPRELIM macro,  t h e  r e c o r d  number g l o b a l  v a r i a b l e ,  ;^REC, 
p o i n t s  a t  th e  f i r s t  r e c o r d  o f  th e  f i l e  d e s c r i p t i o n  t o  be  d e l e t e d .
The number  o f  r e c o r d s  t o  be  d e l e t e d  i s  a f u n c t i o n  o f  t h e  num be r  o f  
f i e l d s  d e s c r i b e d  i n  t h e  f i l e  an d  t h e  number  o f  s e c u r i t y  l e v e l s  by  
w h ich  t h e  C a t a l o g u e  d a t a  i s  p r o t e c t e d .  The DELETE m a c r o - t i m e
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s ta tem en t  i s  execu ted  th e  req u ired  number o f  t im es  by means o f  a 
program lo o p .
4 .  The f i l e  and record  cou n ts  from the C atalogue C on tro l  
r e c o r d ,  which were s to r e d  in  g lo b a l  v a r ia b le s  /ÙFCT and ;fGHCT 
during th e  LIBRARIAN macro, are  reduced a p p r o p r ia t e ly .  T heir  
new v a lu e s j t o g e t h e r  w ith  the  C atalogue password, number o f  s e c u r i t y  
l e v e l s  and thç  c u r ren t  date  and tim e are  co n ca ten a ted  in t o  a s t r i n g  
v a r ia b le  whic4 i s  used  to  r e p la c e  the  CATALOGUE s u b f i l e  C on tro l  
r e c o r d .
5* The u ser  i s  a d v is e d  o f  th e  s u c c e s s f u l  d e l e t i o n  by a 
message on h i s  t e r m in a l .
6 .  No i^atter whether or n o t  the  req u e s t  to  d e l e t e  a f i l e  
d e s c r ip t io n  was s u c c e s s f u l l y  e f f e c t e d  c o n tr o l  i s  a lw ays re tu rn ed  to  
th e  LIBPRELIM macro, which p erm its  p r o c e s s in g  to  c o n t in u e .
7 .  LIBADD MACRO
The p r o c e s s in g  t a s k s  c a r r ie d  out by th e  LIBADD macro a re  g iv e  
g iv e n  in  fu r th e r  d e t a i l  be low . The b eg in n in g  o f  each ta sk  has  
been h ig h l ig h t e d  on th e  macro l i s t i n g  (Item  16 o f  th e  s e p a r a te  
f o l d e r ) .
O  1" The C atalogue sea rch  c a r r ie d  out by th e  LIBPRELIM macro
must have been u n s u c c e s s f u l ,  i . e .  th e  ;^FERR g lo b a l  v a r ia b le  used  
a s  th e  f i l e  name erro r  in d ic a t o r  must be n o n -z e r o .  A zero  v a lu e  
in d i c a t e s  th a t  the  f i l e  w ith  th e  g iv e n  name i s  a lr e a d y  in  th e  
CATALOGUE s u b f i l e  and a m essage to  t h i s  e f f e c t  i s  ou tp u t on th e  
u s e r ' s  t e r m in a l .
2 .  On en try  to  th e  LIBADD macro ;^REC, th e  g lo b a l  v a r ia b le  
used a s  th e  record  p o in t e r ,  p o in t s  to  the  p o s i t i o n  where th e  new 
f i l e  d e c r ip t io n  sh ou ld  be i n s e r t e d ,  Throught th e  p r o c e s s in g  o f  
th e  LIBADD maqro t h i s  v a r ia b le  i s  increm ented by 1 each tim e a
'
record  i s  i n s e r t e d  i n  th e  CATALOGUE s u b f i l e .
oo
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5 . The f i l e  name an d  h i g h e s t  s e c u r i t y  l e v e l  p a s s w o r d  f o r  
t h e  f i l e  whose d e s c r i p t i o n  i s  b e i n g  a d d e d  t o  t h e  C a t a l o g u e  w ere  
g a t h e r e d  d u r i n g  t h e  LIBPRELIM m a c r o .  I t  t h e r e f o r e  r e m a i n s  t o  
r e q u e s t  t h e  u s e r  t o  s u p p l y  t h e  r e m a i n i n g  d a t a  f o r  t h e  o t h e r  f i e l d s  
o f  t h e  F i l e  name r e c o r d s .  The d a t a  f o r  ea c h  f i e l d  i s  s u i t a b l y  
v a l i d a t e d  and  c o n c a t e n a t e d  i n t o  a s t r i n g  v a r i a b l e  w i t h  t h e  f i e l d s  
s e p a r a t e d  by  commas.  As s o o n  a s  a F U e  name r e c o r d  i s  c o m p l e t e  
i t  i s  e n t e r e d  i n t o  t h e  CATALOGUE s u b f i l e ,  t h u s  r e l e a s i n g  t h e  
s t r i n g  v a r i a b l e  f o r  o t h e r  u s e .  As n o t  a l l  t h e  f i e l d s  i n  t h e  
F i l e  name r e c o r d s  may a p p l y  t o  a p a r t i c u l a r  f i l e  t h e  d i a l o g u e  
i s  programmed so t h a t  o n l y  p e r t i n e n t  q u e s t i o n s  a r e  a s k e d .  The 
comma s e p a r a t o r  c h a r a c t e r  o n l y  i s  c o n c a t e n a t e d  i n t o  t h e  r e c o r d  
t o  i n d i c a t e  an  u n u s e d  f i e l d .  A l t h o u g h  t h e  d i a l o g u e  g i v e s  t h e  
u s e r  some g u i d a n c e  a b o u t  wha t  c o n s t i t u t e s  a v a l i d  r e s p o n s e ,  
e x t e n s i v e  v a l i d a t i o n  o f  t h e  u s e r ' s  r e p l i e s  i s  v i t a l  f o r  t h e  
i n t e g r i t y  o f  t h e  C a t a l o g u e  d a t a .  The n a t u r e  an d  e x t e n t  o f  t h e  
r e p l y  v a l i d a t i o n  f o r  t h e  F i l e  name r e c o r d s  d a t a  i s  g i v e n  i n  
T a b l e  7 * 1 - s n d  t h e i r  f o r m a t s  a r e  shown i n  S e c t i o n  1 o f  A p p e n d ix  V.
4 .  As t h e  number  o f  f i e l d s  i n  a r e c o r d  o f  t h e  f i l e  
c u r r e n t l y  b e i n g  d e s c r i b e d  was e n t e r e d  a s  d a t a  f o r  t h e  F i l e  name 
t y p e  1 r e c o r d ,  a p r o c e s s i n g  l o o p  i s  s e t  up  t o  g a t h e r  d a t a  f o r  
e a c h  p a i r  o f  F i e l d  d e s c r i p t i o n  r e c o r d s .  The d a t a  t o  be  g a t h e r e d  
a b o u t  e a c h  f i e l d  d e p e n d s  on i t s  t y p e ,  n u m e r i c  o r  a l p h a n u m e r i c ,  
an d  w h e t h e r  o r  n o t  i t  i s  a s e q u e n c e  k e y  f i e l d .  The d i a l o g u e  i s  
a g a i n  programmmed t o  p o s e  o n l y  r e l e v a n t  q u e s t i o n s  a n d  f o r  u n u s e d  
f i e l d s  o n l y  t h e  comma s e p a r a t o r  c h a r a c t e r  i s  c o n c a t e n a t e d  i n t o  
t h e  r e c o r d  d e s c r i p t i o n .  The d i a l o g u e  p r o m p t s  g i v e  t h e  u s e r  
g u i d a n c e  on t h e  fo rm  o f  e a c h  r e p l y  w h ic h  i s  t h e n  s u i t a b l y  
v a l i d a t e d .  D e t a i l s  o f  t h e  v a l i d a t i o n  f o r  F i e l d  d e s c r i p t i o n  
t y p e  1 r e c o r d  d a t a  a r e  g i v e n  i n  T a b l e  7*2 .  The t y p e  2 F i e l d  
d e s c r i p t i o n  r e c o r d  i s  p u r e l y  d e s c r i p t i v e  a n d  r e q u i r e s  no v a l i d a t i o n .
oAs each key f%eld d e s c r ip t io n  i s  p ro cessed  the  key number i s  
co n ca ten a ted  ^nto s t r i n g  v a r ia b le  # 5 o 6 .
’ 5* Wheiji a l l  th e  p a ir s  o f  v a l i d  F ie ld  d e s c r ip t io n  reco rd s
, have been in s e r t e d  in t o  th e  CATALOGUE s u b f i l e  i t  i s  n e c e s s a r y  to  
• check th a t  a l^  key f i e l d s  have been a l lo o a te d *  The s t r i n g  
v a r ia b le  c o n ta in s  th e  con caten ated  key numbers, which are
s i n g l e  d i g i t s  s ep a ra ted  by commas. i s  in s p e c te d  to  s e e  th a t
i t  c o n ta in s  a l l  the  key numbers fo r  the f i l e .  I f  any key  number 
i s  found to  be m is s in g  th e  whole f i l e  d e s c r ip t io n  i s  d e le t e d  from 
th e  C atalogue and an err o r  message i s  output on th e  u s e r ' s  
t e r m in a l .
6 .  The f i l e  and record  co u n ts  from th e  C atalogue C on tro l  
r e c o r d ,  which were s to r e d  in  g lo b a l  v a r ia b le s  ;^FCT and ;^RCT 
during th e  LIBRARIAN macro, are  increm ented  a p p r o p r ia t e ly .  T heir  
new v a lu e s  to g e th e r  w ith  th e  C atalogue password, number o f  
s e c u r i t y  l e v e l s  and th e  cu rren t  date  and tim e a re  c o n ca ten a ted  in t o  
a s t r i n g  v a r ia b le  which i s  used  to  r e p la c e  th e  CATALOGUE s u b f i l e  
C on tro l r e c o r d .
7# The u se r  i s  a d v ise d  by a message on h i s  te rm in a l th a t  
the  f i l e  d e s c r ip t io n  has been s u c e s s f u l l y  i n s e r t e d  in  th e  CATALOGUE 
( 2 )  s u b f i l e .
8 . No m atter  whether or  n ot th e  r eq u e s t  to  add a f i l e  
d e c s ip t io n  s u c e s s f u l  c o n t r o l  i s  alw ays re tu rn ed  to  th e  
LIBPRELIM macro which p erm its  p r o c e s s in g  to  c o n t in u e .
In ta sk  4 above th e  u se r  i s  encouraged to  e n te r  f i e l d  
d e s c r ip t io n s  in  a scen d in g  s t a r t  p o s i t i o n  order  a s  t h i s  l e a d s  to  
more e f f i c i e n t  p r o c e s s in g .  The s a v in g s  are  made l a t e r  when th e  
C atalogue data i s  used to  g en e ra te  a COBOL record  d e s c r ip t io n  fo r  
th e  f i l e .  Ag th e  PG/2 macro p r o c esso r  has no s o r t i n g  f a c i l i t y  
i t  i s  n o t  p o s s i b l e  to  rearran ge  th e  C atalogue f i e l d  d e s c r ip t io n
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r eco rd s  in t o  s t a r t  p o s i t i o n  order  a t  a l a t e r  d a t e .  At COBOL 
g e n e ra t io n  t^me a REDEFINES s ta tem en t has to  be gen erated  whenever 
th e  s t a r t  p o s i t io n  o f  a f i e l d  i s  not g r e a te r  than th e  end p o s i t i o n  
o f  th e  p r e v io u s  f i e l d  d e scr ib e d  in  the  C atalogue (Appendix V III  
S e c t io n  4 ) .
The method o f  h an d lin g  an erro r  in  task  5 above may:seem  
r a th e r  d r a s t i c ,  but i t  i s  adopted because th e  LIBADD macro i s  
a lr e a d y  near to  th e  s i z e  l i m i t  imposed by the  PG/2 macro 
p r o c e s s o r .  A d d it io n a l  r eco v ery  p r o c e s s in g  would n e c e s s i t a t e  
th e  s u b d iv is io n  o f  th e  LIBADD macro in t o  s e v e r a l  chained  m acros.  
While th e  r e s t r i c t i o n  i s  r ea so n a b le  in  an 'exp erim en ta l*  
im p lem en tation  i t  does n o t  p r e ju d ic e  the  im plem entation  o f  a more 
r e f in e d  r eco v ery  procedure a t  a l a t e r  d a te .  The aim has been to  
p rov id e  th e  data base  a d m in is tr a to r  w ith  a s im p le  t o o l  fo r  
m a in ta in in g  th e  C ata logu e  o f  f i l e  d e c r ip t io n s .
O
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c o n te n ts
- C o n d it io n s  to  be s a t i s f i e d
1 Number o f  
f i e l d s  in  
a record
S t r in g  o f  up to four d i g i t s  w ith  v a lu e  ^ 1
2 F ie ld
d e s c r ip t io n
None
3 F i l e
medium
2 c h a r a c ter  s t r i n g  w ith  v a lu e ;  
•PT*, »CR', 'HT* or *ED*.
Maximijm 
b lock  s i z e S t r in g  o f  d i g i t s  w ith  va lu e  ^ 1  and& 2048
Records s i z e S t r in g  o f  d i g i t s  w ith  v a l u e ^ 1 and 
Maximum b lock  s i z e .
F i l e  l a b e l 12 ch a r a c ter  s t r i n g  fo r  ED and MT 
f i l e s  o n ly .
A ccess  mode S in g le  c h a ra c ter  w ith  v a lu e  *R* or  *S* 
fo r  ED f i l e s  o n ly .
O rg a n isa t io n S in g le  c h a r a c te r  w ith  v a lu e  *1* or *D* 
fo r  ED random a c c e s s  f i l e s  o n ly .
Length o f  
sym bolic, key
S t r in g  o f  d i g i t s  w ith  v a lu e  ^1 and 
4  64 fo r  ED random a c c e s s  f i l e s  o n ly .
Number o f  
f i e l d s  in  
sym bolic  or  
s o r t  key
S in g le  d i g i t  w ith  va lu e  ^ 0
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Conditions to be satisfied by user's response
Field name Character string with length ^14.
No imbedded blank characters.
First character not Z or hyphen.
Last character not hyphen.
Consist only of alphabetic, numeric and hyphen 
characters.
Contain at least one alphabetic character.
Must not duplicate the name of another field 
already in the same File description.
Security level A character string which must not contain a 
comma, but which must be a substring of that 
in string variable ^ 0 8 .  (String variable ^ 0 8  
contains all the valid security level values 
separated by commas and was set up in the 
LIBRARIAN macro.)
Start position String of digits with value ^1 and ^ record size.
Length of 
field
String of digits with value ^ 1  and ^120. 
Start position + Length of field - 1 
4 record size.
Field type A single character; either 'A' or 'N'.
Decimal point 
location
Character string with the first character 
either 'L' or 'R'. Subsequent characters to 




À single character which must be present in 
string variable ^ 0 7 *  (String variable contains 
0 and all the valid key number digits for the 
file.)
If non-zero the character must not be present 
in string variable ^ 0 6 .  (String variable ;^06 
contains all the previously allocated key 
numbers for the current file.)
Sequence
order
A single charcter; either 'A' or *D'. 
. (Only applicable to key fields.)
Domain 
indica tor
A single character; either 'Y ' or 'N'. 
(Applicable to all fields except the major key.)
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8 . STAGES MACRO
T h ir teen  main p r o c e s s in g  s t e p s  are  c a r r ie d  out during the  
ex e c u t io n  o f  the  STAGE3 macro and t h e i r  d e t a i l s  are  a s  f o l l o w s .
The f i r s t  s ta tem en t o f  each s t e p  i s  h ig h l ig h t e d  on th e  macro 
l i s t i n g  (Item  19 in  th e  sep a ra te  f o l d e r ) .
1 .  S e t  the  g lo b a l  v a r ia b le  used to  c o n ta in  the  check p o in t  
number ( ;^CKPT) equal to  3*
2 .  P r in t  out th e  Stage  3 in tr o d u c to r y  d ia lo g u e  which i s  
s to r e d  in  th e  DIAL3 s u b f i l e .  T his  t e x t  a d v is e s  th e  u ser  th a t  he 
i s  about to  be shown d e t a i l s  o f  the  domains w ith in  th e  r e l a t i o n s
^2) o f  h i s  data b a s e .  I t  goes  on to  e x p la in  w ith  i l l u s t r a t i o n s  the
n o t a t io n  used to  i n d i c a t e  th e  p o s i t i o n  o f  th e  dec im al p o in t  in  a 
numeric f i e l d .
3# E s t a b l i s h  d e t a i l s  o f  the  Catalogue c h a r a c t e r i s t i c s  by 
rea d in g  th e  dgta in  th e  C atalogue C ontrol r e c o r d .
4 .  Carry out th e  housekeeping o p e r a t io n s  n e c e s s a r y  to  
m ain ta in  p o in te r s  to  the  cu rren t record  in  th e  s u b f i l e s  used  by 
th e  macro, keep count o f  the  number o f  f i l e s  d e sc r ib e d  in  th e  
SUBMODEL s u b f i l e ,  and count the number o f  f i e l d s  d e sc r ib e d  i n  th e  
cu rren t  SUBMODEL f i l e  d e s c r ip t io n .
5* For each r e l a t i o n  named in  th e  RELATIONDICT s u b f i l e  th e  
CATALOGUE s u b f i l e  i s  searched  to s e e  i f  th ere  i s  a m atching f i l e
d e s c r ip t io n .  Both s u b f i l e s  are  m aintained in  r e l a t i o n  name ( f i l e
name) seq u en ce . When no matching name i s  found th e  erro r  in d i c a t o r  
i s  s e t ,  the  u ser  i s  a d v is e d  th a t  th e  r e l a t i o n  i s  not in  th e  data
base  and the  sea rch  fo r  the  n ex t r e l a t i o n  in  th e  R e la t io n
d ic t io n a r y  i s  begun. When a r e l a t i o n  has a m atching d e s c r ip t io n  
i n  th e  C atalogue i t s  name and th e  column head in gs  fo r  the  domain 
d e t a i l s  a re  p r in t e d .
6 .  The u se r  s u p p l ie d  password from the  RELATIONDICT reco rd
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i s  matched a g a in s t  th e  passwords in  the  C atalogue F i l e  d e s c r ip t io n  
type 1 record  to  determ ine which s e c u r i t y  l e v e l s  th e  u ser  may 
a c c e s s .  I f  the  C ata logue has more than four s e c u r i t y  l e v e l s  i t  
may be n e c e s s a r y  to  sea rch  th e  passwords in  th e  type 1C record  
to  o b ta in  a match. When no m atching password can be found th e  
e rr o r  in d ic a t o r  i s  s e t ,  the  u ser  i s  a d v ised  th a t  a s  the  password  
i s  i n v a l i d  no domains are  a c c e s s i b l e  and th e  sea rch  fo r  th e  n ex t  
r e l a t i o n  in  the  R e la t io n  d ic t io n a r y  b e g in s .
7 .  The C atalogue File^name typ e  3 record  i s  read and i t  i s  
co p ied  on to  the SUBMODEL s u b f i l e  a f t e r  the  sh orten ed  form o f  th e  
typ e  1 rec o r d .
8 .  The F ie ld  d e s c r ip t io n  typ e  1 reco rd s  o f  th e  cu rren t  
C atalogue f i l e  d e s c r ip t io n  are  read in  turn and checked to  s e e  
i f  the  u se r  has password a c c e s s  to  th e  f i e l d  (dom ain). The 
s e c u r i t y  l e v e l  o f  th e  f i e l d  must be g r e a te r  than or equal to  th e  
l e v e l  s e t  by th e  u s e r ' s  password in  s te p  6 above .
9 .  For each F i e ld  d e s c r ip t io n  record to  which th e  u s e r  i s  
a llo w ed  a c c e s ^ ,  th e  rem ain in g  f i e l d s  are e x tr a c te d  in t o  l o c a l  
v a r ia b le s  ready fo r  l a t e r  u s e .  The DOMAINDICT s u b f i l e ,  which i s  
m ain ta ined  in  domain name seq u en ce , i s  searched  to  s e e  i f  th e
( 2 )  cu rren t  f i e l d  name (domain name) i s  a lr ea d y  in  th e  Domain
d ic t i o n a r y ,  i f  i t  d u p l i c a t e s  a d ic t io n a r y  e n tr y  and i s  n o t  a key  
f i e l d  then the am b igu ity  i s  r e s o lv e d  by appending th e  r e l a t i o n  
count a s  a s u f f i x  to  the  f i e l d  name. The f i e l d  name i s  padded out  
w ith  r e l a t i o n  count d i g i t s  u n t i l  i s  i s  15 c h a r a c te r s  lo n g .  The 
d e t a i l s  o f  th e  renamed f i e l d  are  in s e r t e d  in  th e  DOMAINDICT s u b f i l e .  
I f  the  f i e l d  name i s  not found in  th e  Domain d i c t io n a r y  then  i t s  
d e t a i l s  are  in s e r t e d  in  th e  DOMAINDICT s u b f i l e .  P r io r  to  t h a t ,  
i f  i t  i s  a key  f i e l d ,  i t s  name would have been en tered  i n  th e  
KEYDICT s u b f i l e .  T his  l a t t e r  s u b f i l e  i s  m ain ta in ed  in  k ey  number 
sequence and g lo b a l  v a r ia b le  ;^NKEY c o n ta in s  th e  s u b f i l e  r ec o r d
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c o u n t .
10. The cu rren t C atalogue F ie ld  d e s c r ip t io n  type 1 record  
to  which th e  u ser  has password a c c e s s  i s  cop ied  to  the SUBMODEL
s u b f i l e .  The d e t a i l s  o f  name, s i z e ,  ty p e ,  and decim al p o in t
l o c a t i o n ,  i f  a p p l i c a b l e ,  are  ou tp u t to  the u s e r ' s  te r m in a l .
11 . Whan a l l  th e  f i e l d  d e s c r ip t io n  reco rd s  in  the cu rren t  
C atalogu e F i la  d e s c r ip t io n  have been p r o c e s se d ,  th e  f i e l d  count  
in  the  cu rren t Submodel F i l e  d e s c r ip t io n  record  type 1 i s  up dated .  
Only i f  th e  u ser  has password a c c e s s  to  a l l  th e  f i e l d s  in  th e  
f i l e  d e s c r ip t io n  w i l l  t h i s  be the  same a s  i t  was in  the  C a ta lo g u e .
12 . The domain names in  th e  KEYDICT s u b f i l e  fo r  the  cu rren t
r e l a t i o n  are  output on the  u s e r ' s  term in a l in  major to  minor key
o r d e r .
13 . When a l l  th e  r e l a t i o n s  in  th e  KEYDICT s u b f i l e  have been  
p ro cessed  w ith ou t e r r o r ,  the c o n tr o l  record s  fo r  th e  SUBMODEL and 
DOMAINDICT s u b f i l e s  are  w r i t t e n  and c o n tr o l  p a s s e s  to  th e  STAGE3-1 
macro by means o f  th e  cha in  f a c i l i t y .  I f ,  however, the  err o r  
in d ic a t o r  has been s e t  a message i s  output to  th e  u s e r ' s  te r m in a l  
a d v is in g  him th a t  th e  erro r  p re v en ts  fu r th e r  p r o g r e s s .  The u se r  
i s  then  g iven  th e  c h o ic e  o f  abandoning the run or  r e tu r n in g  to  th e  
STAGE2 macro to  r e s p e c i f y  th e  r e l a t i o n  names and passw ords.
The error  h an d lin g  f a c i l i t i e s  in  t h i s  macro show p o t e n t i a l  
fo r  enhancement. A u s e f u l  e x te n s io n  would be to  l i s t  on th e  u s e r ' s  
term in a l th e  r e l a t i o n  names and passwords en tered  i n  S tage  2 under  
th re e  c a t e g o r ie s :
1 . I n v a l id  r e l a t i o n  names.
2 .  V a lid  r e l a t i o n  names w ith  in v a l id  passw ords.
3# V a lid  r e l a t i o n  names and passwords.
F a c i l i t i e s  con ld  then be provided  so th a t  o n ly  c o r r e c t i o n s  to  
e n t r i e s  in  th e  f i r s t  two c a t e g o r i e s  need be made b e fo r e  resum ing  




This macro checks that the relations named by the user in  
Stage 2 are not disjointed or disconnected according to the 
criteria  outlined in Section 6 .4 .2  of the main tex t. I f  only one 
relation was named in Stage 2 then th is macro immediately chains 
to the STAGE4 macro. The checking process i s  carried out in s ix  
steps described below. On the macro l is t in g  (Item 20 in the 
separate folder) the statement at which each step begins has been 
highlighted.
1 . The SUBMODEL subfile  Control record i s  read in order to 
estab lish  the number of f i l e  descriptions and records contained 
therein.
2 . Local variables are set up for use as pointers and 
counters to kgep track of the current record in the su b files used 
by the macro. Global variable ;^ NKEY i s  in i t ia l ly  set to zero, 
ultim ately i t  w ill contain the number of key domains in the joined 
rela tions.
3* A pgss i s  made through the SUBMODEL subfile to extract 
and examine tl;e pairs of F ile description records in order to 
establish  which of the described f i le s  has the greatest number of 
key f ie ld s . When the number of keys in the current f i l e  
description exceeds the value in j^ NKEY i t s  value i s  updated and 
the position of the f i l e  description within the SUBMODEL su bfile  
i s  noted. The f ie ld  description records for th is  f i l e  are 
examined and the key f ie ld  names are extracted and stored in  the 
KEYDICT subfile in major to minor key order.
4. A second pass through the SUBMODEL subfile  i s  made in 
order to comepre the key d eta ils  a l l  f i l e  descriptions, other than 
the one noted during pass one, with the contents of the KEYDICT 
su b file .
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5# I f  th e  key  f i e l d  names o f  any o f  th e  f i l e s  do n o t  form 
an ordered co n tig u o u s  s u b s e t  o f  th o se  in  th e  Key d ic t i o n a r y ,  the  
r e l a t i o n s  are  deemed to  be d i s j o i n t e d  or  d is c o n n e c te d .  I f  t h i s  
c o n d it io n  i s  d e te c te d  a message i s  output on th e  u s e r ' s  te r m in a l  
t e l l i n g  him th a t  h i s  r e l a t i o n s  cannot be j o in e d .  He i s  then  
g iv en  th e  o p p o r tu n ity  to  re tu rn  to S tage  2 to  r e s p e c i f y  the  
r e l a t i o n  names and passwords or  to  abandon th e  run .
6 .  I f  no e r r o r s  are  d e te c te d  during th e  p r o c e s s in g  o f  t h i s  
macro c o n t r o l  ch a in s  to  th e  STÂGE4 macro.
At p r e se n t  l i t t l e  i s  done in  the STAGE3-1 macro to  h e lp  the  
u ser  i f  th e  r e l a t i o n s  he s p e c i f i e s  are  found to  be d i s j o i n t e d  or  
d is c o n n e c te d .  He can o n ly  seek  a d v ic e  from th e  data base  
a d m in is t r a to r ,  Future enhancements could  in c lu d e  th e  ou tp u t o f  a 
l i s t  o f  th o se  r e l a t i o n s  which cannot be j o in e d ,  to g e th e r  w ith  
d e t a i l s  o f  thq key domains which cause  them to  be d i s j o i n t e d  or  
d is c o n n e c te d .  Only d e t a i l s  o f  th e s e  l a t t e r  r e l a t i o n s  need th en  be 
changed beforq  p r o c e s s in g  resumes w ith  th e  STAGE2 macro.
10 . STAGE4 MACRO
The p r o c e s s in g  c a r r ie d  out by th e  8TAGE4 macro f a l l s  i n t o  
tw e lv e  main s t e p s  which are  d e scr ib e d  below . On the  macro l i s t i n g  
(Item  21 in  the s ep a ra te  f o ld e r )  th e  s ta tem en t a t  which each  s t e p  
b e g in s  has been h ig h l ig h t e d .
1 .  S e t  the  check p o in t  v a r ia b le  ;^K PT  equal to  4 ,  r ea d y  in  
c a se  th e  r e s t a r t  f a c i l i t y  i s  invoked by a c a l l  fo r  'help* by th e  
u s e r .
2 .  Output th e  in tr o d u c to r y  t e x t  fo r  t h i s  s ta g e  which i s  
s to r e d  in  th e  DIAL4 s u b f i l e .
3« S e t  up and i n i t i a l i s e  l o c a l  v a r ia b le s  fo r  u se  a s  r e c o r d  
p o in t e r s  to  th e  DOMAINDICT and DOMAINLIST s u b f i l e s .
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4 .  Create and set to zero the global variable ;^TOT which is 
used to indicate whether or not the totalling facility is required.
5» Select the DOMAINDICT subfile, read the Control record, 
extract and convert to binary the count of domain records stored 
in the subfile.
6. Read the domain description from the DOI-iAINDICT subfile, 
record by record, and extract the fields for processing.
7" The name of each domain in turn is displayed to the 
user who is asked to indicate, by a yes or no reply, whether it 
is required to solve the problem.
8. For each numeric domain which features in the problem 
the user is additionally asked if the totalling facility is 
required for it. Again a yes/no answer is called for.
9* When the totalling facility is.invoked for any numeric 
domain the global variable indicator ;^TOT is set equal to 1.
10. Of the domains which are required to solve the problem, 
the alphanumeric and non-totailing numeric ones have their details 
written to the DOMAINLIST subfile with the totalling marker set
to a blank character. Numeric domains for which totalling is 
required have the totalling marker set equal to the character *T'. 
In addition details of key domains not required to solve the user’s 
problem are by default entered in the DOMAINList subfile with a 
blank totalling marker. Their details are required when the 
complete COBOL program is generated.
11. A count of domain records written to the DOMAINLIST 
subfile is maintained. When all the domains in the DOMAINDICT 
subfile have been processed, the value of this count is stored in 
the Control record of the DOMAINLIST subfile.
12. The f i n a l  task  i s  to chain to the STAGE5 macro.
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11. STAGE5 MACRO
The p r o c e s s in g  w ith in  t h i s  macro c o n s i s t s  o f  the  s t e p s  shown, 
below . The f i r s t  s ta tem en t  o f  each s t e p  i s  h ig h l ig h t e d  on th e  
macro l i s t i n g  (Item  22 in  th e  s e p a r a te  f o l d e r ) .
1 .  S e t  the  g lo b a l  check p o in t  v a r ia b le  f^GCKPT equal to  5» 
read y fo r  r e s t a r t  proced ures  i n  invoked  by th e  u s e r ’s  r e q u e s t  fo r  
h e lp .
2 .  P r in t  th e  in t r o d u c to r y  d ia lo g u e  which d e s c r ib e s  th e  
f a c i l i t i e s  a v a i l a b l e  in  S tage  5* The t e x t  o f  t h i s  d ia lo g u e  i s  
s to r e d  in  s u b f i l e  DIAL5 .
3* S e l e c t  th e  DOMAINLIST s u b f i l e ,  read th e  C ontro l reco rd  
and co n v ert  tl%e domain count in t o  b in a r y .  T his  count i s  s t o r e d  
i n  g lo b a l  v a r ia b le  ^DMCT and from i t  the  number o f  th e  l a s t  
record  in  th e  DOMAINLIST s u b f i l e  may be c a l c u la t e d .
4 .  S e t  up and m ain ta in  record  p o in te r s  fo r  both th e  
DOMAINLIST and DOMAININDEX s u b f i l e s .
5* Copy a l l  th e  domain d e s c r ip t io n  rec o r d s  in  th e  DOMAINLIST 
s u b f i l e  to  DOMAININDEX.
6 .  Generate th e  f i r s t  two s ta te m e n ts  o f  th e  TEMPITEM macro 
d e f i n i t i o n .
( 2 )  7* Ask i f  the  u se r  w ish es  to  c r e a te  any temporary i t e m s .
I f  th e  r e p ly  i s  ’no* then c o n t r o l  p a s s e s  to  th e  STAGE3-2 macro by 
means o f  the  ch a in  f a c i l i t y .  O th erw ise , p r o c e s s in g  c o n t in u e s  a s  
o u t l in e d  below .
8 .  The u se r  w ish es  to  c r e a te  temporary i t e m s ,  so he i s  now 
asked  i f  any o f  them c o n ta in  alphanum eric d a ta .  I f  the  r e p ly  i s  
. i n  th e  n e g a t iv e  th e  ch a in  f a c i l i t y  p a s s e s  c o n t r o l  to  th e  STAGE3-1
macro. O th erw ise , d e t a i l s  o f  th e  alphanumeric i te m s  are  g a th er e d  
i n  th e  manner in d ic a t e d  below .
9# Request th e  name o f  th e  new alphanumeric item  and 
v a l i d a t e  th e  u s e r ' s  r e p l y .  The name must s a t i s f y  th e  COBOL r u l e s
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f o r  a  dats-name (T able  5*1 o f  t h i s  appendix) and two a d d i t io n a l  
c o n d i t io n s  imposed by th e  COBOL g e n e r a t in g  sy stem . F i r s t ,  th a t  
th e  name must not exceed  14 c h a r a c te r s  in  le n g th  and s e c o n d ly ,  
th a t  i t  must not b eg in  w ith  the  ch a r a cter  *Z’ .
10 . yhe u ser  en tered  name must be u n iq u e , so a b in a ry  search  
o f  the  names in  th e  r ec o r d s  o f  th e  DOMAININDEX s u b f i l e  must be 
c a r r ie d  o u t in  order  to  e s t a b l i s h  t h i s .  S tep s  9 and 10 are  
r ep ea ted  u n t i l  th e  u se r  e n te r s  a unique v a l id  name.
11 . Thç u ser  i s  asked to s t a t e  how many c h a r a c te r s  th e  new 
alphanumeric $tem c o n t a in s .  The r e p ly  must be a number in  th e  
range 1 to  58 w ith  a d e f a u l t  v a lu e  o f  50* The upper l i m i t  i s  l e s s  
than th a t  p erm itted  by COBOL and the  reason fo r  th e  r e s t r i c t i o n
i s  e x p la in e d  |n  s t e p  14.
12 . Th| i n i t i a l  va lu e  o f  th e  alphanumeric item  may be s e t  by 
th e  u s e r ,  so he i s  asked i f  he w ish es  to  a v a i l  h im s e l f  o f  th e  
f a c i l i t y .  I f  the r e p ly  i s  'yes*  then the u ser  i s  prompted to  
e n te r  th e  v a lu e .  O th erw ise ,  the  i n i t i a l  va lu e  i s  s e t ,  by d e f a u l t ,  
to  c o n ta in  b la n k s .
15* A l l  the in fo rm a tio n  n e c e s s a r y  to  s e t  up and i n s e r t  a 
d e s c r ip t io n  record  fo r  th e  new item  in  the DOMAININDEX s u b f i l e  
i s  to  hand. The i n s e r t i o n  p o s i t i o n  fo r  the  record  i s  s to r e d  in  
l o c a l  v a r ia b le  ;0jLOW a s  a by-product o f  the b in a ry  sea rch  c a r r ie d  
ou t in  s t e p  10 above . The domain count v a r ia b le  ;i^DMCT i s  a l s o  
increm ented by 1.
l 4 .  F i n a l l y ,  the  data d e s c r ip t io n  e n tr y  fo r  the  new 
alphanum eric item  i s  g e n e ra ted .  In order  to  a v o id  th e  s p e c i a l  
co d in g  n e c e s s a r y  when a COBOL l i t e r a l  c o n t in u e s  onto an oth er  
l i n e ,  th e  maximum s i z e  o f  a temporary item  i s  l im i t e d  to  58 
c h a r a c t e r s .  T his  i s  th e  l a r g e s t  l i t e r a l ,  in c lu d in g  q u o ta t io n  
mark d e l i m i t e r s  and th e  f i n a l  f u l l  s to p  c h a r a c t e r ,  which can be
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accomodated between p o s i t i o n s  12 and ?2 o f  a COBOL statem ent#  The 
gen era ted  COBOL s ta te m e n ts  have th e  fo l lo w in g  form:
02 temporary-item-name PICTURE X ( i t e m - s iz e )  VALUE
" i n i t i a l - v a l u e ” #
15* ^ tep s  9 to  l4  a re  rep ea ted  u n t i l  th e  u se r  g iv e s  a 
n e g a t iv e  r e p ly  when asked i f  he has any more alphanum eric i te m s  to  
cre a te #  C on tro l then p a s s e s  to  th e  STAGE5-1 macro by means o f  th e  
ch a in  f a c i l i t y .
. .
12 . 8TAGE5-1 MACRO
In t h i s  macro fo r  c r e a t in g  temporary numeric domains, the  
p r o c e s s in g  i s  c a r r ie d  o u t a s  shown below . On th e  macro l i s t i n g  
(Item  23 in  tl%e sep a ra te  f o ld e r )  th e  f i r s t  s ta tem en t  o f  each  
s t e p  has l>een h i g h l i g h t e d .
1 . Ask the  u se r  i f  he w ish es  to  c r e a te  any temporary
numeric i t e m s .  I f  th e  r e p ly  i s  'no then c o n t r o l  p a s s e s  to  th e  
STAGE5-2 macro by means o f  the ch a in  f a c i l i t y .  O th erw ise , th e  - 
p r o c e s s in g  c o n t in u e s  a s  o u t l in e d  below .
2 .  The name o f  th e  numeric item  i s  r eq u e sted  and v a l id a t e d  
i n  a s im i la r  way to  th a t  d e scr ib e d  in  s t e p s  9 and 10 o f  th e  STAGE5 
macro.
5 .  The u ser  i s  asked to  s t a t e  how many c h a r a c te r s  th e  
numeric item  c o n t a in s .  The r e p ly  must be a number in  th e  range 1 
to  60 , w ith  a d e f a u l t  v a lu e  o f  l 8 .  The upper l i m i t  i s  l e s s  than  
th a t  p erm itted  by COBOL, but i t  i s  the  l a r g e s t  s i z e  w hich, 
to g e th e r  w ith  th e  f u l l  s to p  c h a r a c t e r ,  can be accomodated i n  one 
l i n e  o f  COBOL cod in g  ( c . f .  STAGE5 s te p  l 4 ) .
4# The l o c a t i o n  o f  th e  decim al p o in t  w ith in  the  numeric  
i te m  i s  e s t a b l i s h e d  by a sk in g  th e  u se r  to  in d i c a t e  i t s  p o s i t i o n  
r e l a t i v e  to  th e  r ig h t -m o s t  d i g i t .  The d ir e c t io n  i s  s p e c i f i e d  by
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a  s i n g l e  c h a r a c t e r , *L* fo r  l e f t  or *R* fo r  r i g h t .  The 
d isp lacem en t must be en te r ed  a s  a s i n g l e  d i g i t ,  i . e .  in  th e  range  
0 to  9» w ith  a d e f a u l t  va lu e  o f  z e r o .  This i s  an a r b i t r a r y  
r e s t r i c t i o n  which cou ld  be r e la x e d  a t  a l a t e r  d ate  should  
c ircu m sta n ces  r e q u ir e .
5* The u ser  i s  asked i f  he w ish es  to  e n te r  an i n i t i a l  v a lu e
fo r  th e  temporary numeric i te m . The d e fa u l t  r e p ly  i s  'no* , in
■ - , '
which c a se  th e  item  i s  i n i t i a l l y  s e t  to  z e r o .  I f  the  u ser  r e p l i e s  
'yes*  he i s  prompted to  e n te r  th e  i n i t i a l  v a lu e .  The resp o n se  i s  
v a l id a t e d  to  ensure th a t  i t  obeys th e  r u le s  fo r  a COBOL numeric  
l i t e r a l  (Table  12.1  o f  t h i s  a p p en d ix ) .
6 .  The autom atic  t o t a l l i n g  o p t io n  i s  a v a i l a b l e  fo r  temporary  
numeric i t e m s ,  so th e  u se r  i s  i n v i t e d  to  s t a t e  i f  he w ish es  to  
a v a i l  h im s e l f  o f  th e  f a c i l i t y .  The d e fa u l t  r e p ly  i s  'n o ' .  I f  
t o t a l l i n g  i s  r e q u ir e d ,  the  g lo b a l  v a r ia b le  t o t a l l i n g  i n d i c a t o r ,
\ ;^TOT, i s  s e t  equal to  1 and th e  l o c a l  v a r ia b le  used a s  th e
t o t a l l i n g  marker fo r  th e  item  i s  s e t  equal to  ' S ' .  I f  t o t a l l i n g  
i s  n o t  r e q u ir e d ,  th e  t o t a l l i n g  marker i s  s e t  eq u a l to  ' E' .
7# A l l  the  in fo rm a tio n  n e c e s s a r y  to  s e t  up and i n s e r t  a 
d e s c r ip t io n  record  fo r  th e  new temporary numeric item  in  th e  
( 2 )  DOMAININDEX s u b f i l e  i s  to  hand. The record  i n s e r t i o n  p o s i t i o n  was
s e t  during s t e p  2 above ( c . f .  STAGE5 m acro). The domain count in  
g lo b a l  v a r ia b le  ;ft5DMCT i s  increm ented  by 1.
8 .  The COBOL data d e s c r ip t io n  en try  f o r  th e  new numeric  
i tem  can now be gen era ted  and ta k e s  th e  f o l lo w in g  form:
02 tem porary-item-name PICTURE p i c t u r e - s t r i n g  COMPUTATIONAL VALUE 
i n i t i a l - v a lu e .
Depending on the  item  s i z e  and th e  lo c a t io n  o f  th e  dec im al p o i n t ,  
one o f  f i v e  pi,cture s t r i n g s  i s  g e n e ra ted .  These d e t a i l s  a re  
summarised i n  Table 1 2 .2  o f  t h i s  app en dix .
9« S tep s  2 to  8 a re  r e p e a t e d - u n t i l  th e  u s e r  g iv e s  a n e g a t iv e
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r e p ly  when asked i f  he has any more numeric ite m s  to  c r e a t e .  The 
p r o c e s s in g  in  th e  l a t t e r  p art o f  s t e p  1 i s  then c a r r ie d  o u t .
Table 12 .1  R ules fo r  a COBOL numeric l i t e r a l
Not more than 60 c h a r a c te r s  lo n g .
F i r s t  c h a r a c ter  *+' or or a d i g i t  (0  to  9 ) .  
Subsequent c h a r a c te r s  must be d i g i t s  or a decim al p o in t .  
A fte r  a decim al p o in t  o n ly  d i g i t s  are  p e r m itted .
The decim al p o in t  may n ot be th e  l a s t  c h a r a c te r .
Table 1 2 .2  P ic tu r e  s t r i n g s  fo r  numeric item s
O
Decimal p o in t  l o c a t i o n P i c t u r e - s t r i n g
1 . W ithin th e  s t r i n g  o f  d i g i t s . S9(n)V9(m)
2 .  Im m ediately a f t e r  th e  l a s t  
d i g i t .
S 9 ( l )
3* One or  more p o s i t i o n s  to
the r i g h t  o f  th e  l a s t  d i g i t .
S9(l)P(m )V
4 .  One or  more p o s i t i o n s  to  th e  
l e f t  o f  th e  f i r s t  d i g i t .
S V P (p )9 ( l)
5 .  Im m ediately  b e fo r e  th e  f i r s t  
d i g i t .
SV9(1)
where 1 = item  s i z e
m = decim al p o in t  
s h i f t  count  
n = 1 -  m 




The processing^  in  the  STAGE5-2 macro i s  c a r r ie d  out a s  shown 
below . On th e  macro l i s t i n g  (Item  24 in  the  s e p a ra te  f o ld e r )  
th e  f i r s t  s ta tem en t o f  each s t e p  has been h ig h l ig h t e d .
1 .  The s ta te m e n ts  fo r  th e  TEMPITEM macro gen erated  du rin g
th e  e x e c u t io n  o f  macros 8TAGE3 and STAGE5-1 are  saved in  th e
TEMPITEM s u b f i l e .  The f i r s t  two s ta tem en ts  fo r  th e  CONCAT macro 
a r e  g en era ted  and saved in  the  CONCAT s u b f i l e .
2 .  The rem aining t e x t  in  th e  DIAL5 s u b f i l e ,  which d e s c r ib e s
the c o n c a te n a t io n  o f  domains, i s  ou tput and th e  u ser  i s  asked  i f  
he w ish es  to  c r e a te  any compound domains. I f  th e  u ser  r e p l i e s  
' y e s ' ,  then p r o c e s s in g  c o n t in u e s  a t  s te p  3* O th erw ise , th e  f i n a l  
s ta te m e n ts  fo r  the  CONCAT and TEMPITEM macros are  g en era ted  and 
f i l e d  and c o n tr o l  ch a in s  to  th e  STAGE6 macro.
3# The name of the compound domain is  requested in a similar 
way to that described in steps 9 and 10 of the STAGE3 macro.
4 .  A cqunt o f  th e  number o f  c h a r a c te r s  i n  th e  compound 
domain i s  maii^tained in  l o c a l  v a r ia b le  ;^CECT and t h i s  i s  i n i t i a l l y  
s e t  equa l to  z e r o .
3# A cQpy o f  th e  b in a ry  sea rch  record  p o in t e r ,  used  in  s t e p  
3 ab ove , i s  saved i n  a l o c a l  v a r i a b l e .  I t  i s  used  l a t e r  in  s t e p  11 
when th e  compound domain d e s c r ip t io n  i s  in s e r t e d  in  th e  DOMAININDEX 
s u b f i l e .
6 .  The COBOL l e v e l  02 data d e s c r ip t io n  s ta tem en t  f o r  th e  
group item  i s  gen era ted  and appended to  the  TEMPITEM s u b f i l e .  The 
g en era ted  s ta tem en t has th e  fo l lo w in g  form:
02 compound-domain-name.
7 . The u ser  i s  r eq u ested  to  e n te r  th e  name o f  a domain to  
be c o n c a te n a te d .  A b in a ry  search  o f  the  names in  th e  DOMAININDEX 
s u b f i l e  i s  then made to  check th a t  th e  domain e x i s t s  w ith in  th e  
u s e r ' s  data b a s e .  I f  the  domain name cannot be found th e  u s e r  i s
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a d v ise d  and another  name must be e n te r e d .
8 .  The s i z e  o f  i te m s  in  th e  domain to  be con caten ated  i s  
e x tr a c te d  fro g  i t s  DOMAININDEX r e c o r d ,  con verted  to  b in a ry  and 
s to r e d  i n  a l o c a l  v a r i a b l e .  T his  v a lu e  i s  added to  th e  v a r ia b le  
c r e a te d  i n  s t e p  4 above fo r  m a in ta in in g  the  compound domain s i z e .
9« The COBOL l e v e l  03 data d e s c r ip t io n  fo r  the domain b e in g  
c o n ca ten a ted  to  form th e  compound domain i s  gen era ted  and appended  
to  th e  TEMPITEM s u b f i l e .  The s ta tem en t gen erated  has th e  form:
03 domain-name PICTURE X ( i t e m - s i z e ) •
10 . The Procedure d i v i s i o n  MOVE sta tem en t which t r a n s f e r s  
data from th e  in d iv id u a l  item  to  the corresp on d in g  su b - item  o f  th e  
group i s  gen erated  and appended to  th e  CONCAT s u b f i l e .  The 
g en era ted  s ta tem en t o c c u p ie s  two l i n e s  and has th e  f o l l o w in g  form:
MOVE domain-name IN Z-TUPLE TO domain-name IN
compound-domain-name IN Z-TUPLE.
11 . S tep s  7 to  10 a re  rep ea ted  u n t i l  the  u ser  has no more 
domains to  in c lu d e  in  th e  cu rren t compound domains The compound 
domain d e s c r ip t io n  record  i s  then s e t  up and i n s e r t e d  in  th e  
DOMAININDEX s u b f i l e  a t  th e  p o s i t i o n  determ ined in  s t e p  5 a b o v e .
A lso  th e  domain count in  ;^DMCT i s  increm ented by 1.
12 . For th e  in fo rm a tio n  o f  the  u ser  th e  s i z e  o f  th e  new ly  
c r e a te d  compound domain i s  d isp la y e d  on the u s e r ' s  te r m in a l .
13* S tep s  3 to  12 are  r ep ea ted  u n t i l  the  u se r  g iv e s  a 
n e g a t iv e  r e p ly  when asked i f  he has any more compound domains to  
c r e a t e .  The p r o c e s s in g  d e scr ib e d  in  th e  l a t t e r  p a r t  o f  s t e p  2 i s  
then c a r r ie d  o u t .
14 . STAGE6 MACRO
The f o l lo w in g  s t e p s  g iv e  d e t a i l s  o f  the  STAGES macro 
p r o c e s s in g .  On th e  macro l i s t i n g  (Item  25 in  th e  s e p a r a te  f o l d e r )  
th e  f i r s t  s ta tem en t o f  each s t e p  has been h ig h l ig h t e d .
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1 .  The check p o in t  v a r ia b le  ;^CKPT i s  s e t  equal to  6 ready  
i n  ca se  th e  'help* f a c i l i t y  i s  in vok ed .
2 .  I f  |h e  number o f  r e l a t i o n s  (;^NREL) r eq u ired  to  s o lv e  the  
u s e r ' s  p ro b leg  i s  eq u a l to  1 , c o n t r o l  p a s se s  to  s t e p  9* O th erw ise ,  
p r o c e s s in g  c o n t in u e s  below .
3* Part o f  th e  d e s c r i p t i v e  t e x t  s to r e d  in  th e  DIAL6 s u b f i l e  
i s  p r in te d  on the  u s e r ' s  t e r m in a l .  T his  d e s c r ib e s  the  o p t io n s  
open to  th e  u ser  when a data in c o n s i s t e n c y  o ccu rs  during the  
e x e c u t io n  o f  th e  COBOL program. The u ser  i s  then  prompted to  
s e l e c t  an o p t io n .
4 .  The u s e r ’s  resp on se  i s  v a l id a te d  and i f  the d e f a u l t  
o p t io n  was s e l e c t e d  th e  v a lu e  i s  s p e c i f i c a l l y  s e t  equal to  1 .  The 
o p t io n  number i s  co n v erted  to  b in a ry  and s to r e d  in  g lo b a l  v a r ia b le  
/f/tjOFT fo r  u se  in  a l a t e r  s t a g e .
5 .  The u se r  i s  asked to  in d i c a t e  i f  he w ish es  to  have a 
message p r in te d  by the  COBOL program when a mismatch c o n d i t io n  i s  
d e t e c t e d  in  th e  data f i l e s .  The u s e r ' s  r e p ly  i s  v a l id a t e d  and 
s to r e d  in  g lo b a l  v a r ia b le  ;^ tzMOP. I f  the  r e p ly  i s  e x p l i c i t l y  or  by 
d e f a u l t  'n o ' c o n t r o l  p a s s e s  to  s t e p  9» o th er w ise  p r o c e s s in g  
c o n t in u e s  below .
6 .  The rem aining t e x t  in  th e  DIALS s u b f i l e  i s  p r in t e d .  T his  
d e s c r ib e s  th e  form and co n te n t  o f  th e  error  message and a sk s  th e  
u s e r  i f  he w ish es  to  s p e c i f y  some t e x t  o f  h i s  own fo r  i n c l u s i o n  in  
th e  m essage.
7 .  The u s e r ' s  resp o n se  to th e  above q u e s t io n  i s  v a l id a t e d  
end i n t e r p r e t e d .  When th e  d e f a u l t  message i s  s e l e c t e d  t h i s  i s  s e t  
up and s to r e d  in  s t r i n g  v a r ia b le  /^ 0 5  and c o n t r o l  p a s s e s  to  s t e p  9 ,  
o th e r w is e  p r o c e s s in g  c o n t in u e s  below .
8 .  As the  u ser  has opted  to  in c lu d e  h i s  own t e x t  in  th e  
program err o r  m essage , he i s  prompted to  e n te r  up to  20 c h a r a c t e r s .  
L ike th e  d e f a u l t  m essage th e s e  c h a r a c te r s  are  s to r e d  in  s t r i n g
oo
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v a r ia b le  ; ^ 05*
9* The ch a in  f a c i l i t y  p a s s e s  c o n tr o l  to  th e  STÂGE7 macro.
1 5 .  STAGE? MACRO
The p r o c e s s in g  in  th e  STAGE? macro i s  a s  s e t  out b e low . On
th e  macro l i s t i n g  (Item  26 in  th e  sep a ra te  f o ld e r )  the  f i r s t
s ta tem en t  o f  each s t e p  has been h ig h l ig h t e d .
1 .  S e t  th e  check p o in t  v a r ia b le  ;^CKPT equal to  ? .
2 .  Generate th e  f i r s t  two s ta tem en ts  o f  th e  SELCOND macro
which w i l l  co n ta in  th e  COBOL s e l e c t i o n  c o n d it io n  s ta te m e n ts ,  i f
a n y , fo r  data r e t r i e v a l .
3# Ask the  u s e r  i f  he w ish es  to  s e l e c t  o n ly  c e r t a in  i te m s
fo r  r e t r i e v a l  from h i s  domains. I f  the  r e p ly  i s  "no*, then
p r o c e s s in g  c o n t in u e s  a t  s t e p  7 be low .
4 .  As th e  u se r  w ish es  to  s e l e c t  o n ly  c e r t a in  item s from h i s  
domains th e  t e x t  in  the  DIAL? s u b f i l e  i s  p r in t e d .  T his  t e x t
e x p la in s  the  u se  o f  s im p le  and compound c o n d i t io n s  and d e f i n e s  th e
sy n ta x  to  be used fo r  s p e c i f y i n g  a s im p le  c o n d i t io n .
5# Cal^ the  S p e c i f y  C ond ition  r o u t in e  (S e c t io n  15*1 o f  
t h i s  appendix) to  ca rry  out the  d ia lo g u e  which prompts th e  u s e r  to  
e n te r  h i s  c o n d i t io n s  fo r  data r e t r i e v a l .  From th e  u s e r ' s  r e s p o n se s  
th e  a p p ro p r ia te  COBOL c o n d i t io n a l  c la u s e s  are  g en e ra ted .
6 .  Generate the  COBOL s ta te m e n ts  which s p e c i f y  th e  a c t i o n s  
to  be taken when th e  c o n d it io n  i s  s a t i s f i e d  and when i t  i s  n o t .
7 .  Generate th e  f i n a l  s ta te m e n ts  fo r  th e  SELCOND macro, 
sa v e  them a l l  in  th e  SELCOND s u b f i l e  and chain  to  the  STAGES macro.
The output o f  the  i n s t r u c t i o n a l  t e x t  in  s t e p  4 cou ld  be made 
o p t io n a l  fo r  more ex p er ien ced  u s e r s  o f  the  system  ( S e c t io n  8 .4  o f  
th e  main t e x t ) .
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15.1 SPECIFY CONDITION ROUTINE
T his  r o u t in e  c a r r i e s  out th e  c o n d it io n  s p e c i f y i n g  d ia lo g u e  
which c o n s i s t s  o f  th e  f o l lo w in g  ta s k s :
1 .  Generate th e  COBOL 'IF ' word.
2 .  Ask the  u se r  i f  he w ish es  to  s p e c i f y  a  compound c o n d i t io n .  
I f  h i s  r e p ly  i s  ' y e s '  c o n tin u e  p r o c e s s in g  a t  s t e p  7 be low .
3* Ask the  u se r  to  en te r  th e  s im ple  c o n d i t io n .
4 .  I s s u e  the  prompt and:read the  u s e r ' s  c o n d it io n  e n t r y .
5 .  C a l l  the  V a l id a t e  C on d ition  r o u t in e  (S e c t io n  15*2 o f  t h i s
appendix) to  v a l id a t e  th e  s im p le  c o n d i t io n .  I t  w i l l  e i t h e r  
g en era te  th e  e q u iv a le n t  COBOL c o n d it io n  c la u s e  or p r in t  an err o r  
message and s e t  a l o c a l  v a r ia b le  erro r  in d ic a t o r  eq u a l to  1 .  In 
th e  l a t t e r  c a se  p r o c e s s in g  resumes a t  s t e p  4 ab ove , in  th e  former  
c a se  i t  c o n t in u e s  b e low .
6 .  E x it  from th e  d ia lo g u e  r o u t in e .
7* S et  a l o c a l  t e x t  v a r ia b le  equal to  'FIRST'. T his  t e x t
v a r ia b le  i s  used in  th e  c o n d it io n  r eq u e s t  message and ta k e s  th e
v a lu e  'FIRST* or 'NEXT*.
8 .  Ask th e  u se r  to  e n te r  th e  f i r s t  or  n e x t  c o n d it io n  a s
a p p r o p r ia te .
( 2 )  9* I s s u e  th e  prompt and read the  u s e r ' s  c o n d it io n  s ta te m e n t .
10 . C a l l  th e  V a l id a te  C on d ition  r o u t in e  to  v a l i d a t e  th e  
c o n d i t io n .  I f  an erro r  i s  d e te c te d  p r o c e s s in g  resumes a t  s t e p  9 
a b o v e , o th er w ise  i t  c o n t in u e s  below ( c . f .  s t e p  5 ) .
11 . I f  th e  l o c a l  t e x t  v a r ia b le  i s  equal to  'FIRST' c o n t in u e  
a t  s t e p  13 , o th er w is e  c o n tin u e  be low .
12 . Ask th e  u ser  i f  he has any more c la u s e s  to  e n t e r .  I f  
th e  r e p ly  i s  'no' resume p r o c e s s in g  a t  s t e p  6 ab o v e , o th e r w is e  
c o n t in u e  a t  s t e p  14 be low .




14 . Ask th e  u se r  to  s p e c i f y  which c o n ju n c t io n ,  'AND* or 'OR', 
p r e ced es  th e  n ex t  s im p le  c o n d it io n  and gen era te  a COBOL s ta tem en t  
c o n ta in in g  the  s e l e c t e d  con ju n ction *  I f  the  'OR' c o n ju n c t io n  i s  
s p e c i f i e d  th e  u ser  i s  reminded th a t  he must r e - e n t e r  any o f  th e  
p r e v io u s ly  en tered  c o n d i t io n s  which s t i l l  a p p ly  ( S e c t io n  5*5*3 o f  
main t e x t ) .  P r o c e s s in g  resumes a t  s t e p  8 ab o v e .
15*2 VALIDATE CONDITION ROUTINE
T his  r o u t in e  v a l i d a t e s  the  u s e r ' s  s im ple  c o n d it io n  s ta tem en t  
which i s  lo c a t e d  i n  th e  in p u t  b u f fe r  and from i t  g e n e r a te s  th e  
e q u iv a le n t  COBOL s ta te m e n t .  The COBOL sta tem en t o c c u p ie s  two l i n e s  
i n  order to  a l lo w  fo r  the  q u a l i f i c a t i o n  o f  data-nam es end ta k e s  
th e  form:
operand-1 IN Z-TUPLE c o n d it io n a 1 -o p e r a to r
operand-2 IN Z-TUPLE
The q u a l i f i c a t i o n  in  th e  second l i n e  i s  o m itted  i f  operand-2  i s  a 
l i t e r a l .
When an error  i s  d e te c te d  a message i s  ou tp u t on th e  u s e r ' s  
t e r m in a l ,  th e  l o c a l  v a r ia b le  used  a s  an error  in d ic a t o r  i s  s e t  
eq u a l to  1 and c o n t r o l  r e tu r n s  to  th e  c a l l i n g  r o u t in e  w ith o u t  th e  
g e n e r a t io n  o f  th e  COBOL s ta te m e n t .  An error  r ec o v e ry  procedure i s  
c a r r ie d  out in  th e  S p e c i f y  C on d ition  r o u t in e ,  th e  c a l l i n g  r o u t i n e ,  
when th e  error  in d ic a t o r  i s  found to  be equal to  1 .
The p r o c e s s in g  s t e p s  are  a s  fo l lo w s :
1 .  S e t  th e  l o c a l  var ib a l e  used a s  the erro r  in d i c a t o r  eq u a l  
to  z e r o .
2 .  V a l id a te  th e  sy n ta x  o f  th e  s im ple  c o n d i t io n a l  s ta te m e n t  
and sep a ra te  the  th r e e  components. The operands are  s t o r e d  i n  
s t r i n g  v a r ia b le s  and th e  o p era to r  i s  s to r e d  i n  a l o c a l  v a r i a b l e .  




3 . V a l id a te  th e  f i r s t  operand which must be a domain or  
temporary item  name. P r o c e s s in g  d e t a i l s  are  g iv e n  in  Table 13*2.
4 .  Val^.date th e  o p era to r  and b u i ld  up th e  e q u iv a le n t  COBOL 
o p era to r  in  a s t r i n g  v a r ia b le .  P r o c e s s in g  d e t a i l s  are  g iv e n  in  
Table 15*3.
5 .  S a v f ,  in  a l o c a l  v a r ia b le ,  the type o f  th e  f i r s t  operand*  
e i t h e r  numeriç or alphanum eric . The type i s  determ ined in  s t e p  3 
above and i s  used a g a in  in  s te p  8 .
6 .  Determine th e  le n g th  o f  the  second operand and p la c e  a 
copy o f  th e  operand in t o  th e  in p u t  b u f fe r  ready fo r  v a l i d a t i o n .
7 . I d e n t i f y  th e  nature  o f  th e  second operand by i n s p e c t io n  
o f  the f i r s t  ch a r a c ter  o f  th e  in p u t  b u f fe r  and v a l id a t e  
a c c o r d in g ly .  P r o c e s s in g  d e t a i l s  are  g iven  in  T ables  13*4 to  13*7*
8 .  Compare th e  ty p e ,  alphanumeric or num eric , o f  th e  f i r s t  
and second operands. I f  th ey  are  n o t  the  same an error  m essage
i s  ou tp u t on th e  u s e r ' s  t e r m in a l ,  th e  error  in d ic a t o r  i s  s e t  equa l  
to  1 and p r o c e s s in g  c o n t in u e s  a t  s t e p  10.
9* Generate th e  COBOL c o n d it io n  s ta tem en t u s in g  th e  p r e s e t  
c o n te n t s  o f  s e l e c t e d  s t r i n g  v a r i a b l e s .
10 . E x it  from th e  r o u t in e .
Table 15*1 Syntax v a l i d a t i o n  fo r  a Simple C on d it ion  lo c a t e d  in  
th e  in p u t  b u f fe r
C o n d it io n s  to  be s a t i s f i e d A c t io n s  to  be take when a l l  
c o n d i t io n s  are  s a t i s f i e d
1 . Both f u l l  s to p  
d e l im i t e r s  fo r  th e  o p era to r  
must be p r e s e n t .
2 .  The second f u l l  s to p  
d e l im i t e r  must not be the  
l a s t  non-blank c h a r a c te r  
in  th e  in p u t  b u f f e r .
1 .  E x tract operand-1 and s t o r e  in  
s t r i n g  v a r ia b le  ; ^ 03 .
2 .  E xtract  th e  o p e r a to r ,  o m it t in g  
th e  d e l i m i t e r s ,  and s t o r e  in  l o c a l  
v a r ia b le  ;^ 0P .
3 . E x tra c t  operand-2  and s t o r e  in  
s t r i n g  v a r ia b le  ; ^ 0 4 ,
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Table 15.2 Validate 1st Operand as a domain or temporary item name
O
A ctio n s  to be taken  
b e fo r e  v a l id a t io n
1 . Make a copy o f  th e  
operand name in  s t r i n g  
v a r ia b le  ^ 09 .
2 .  B inary search  the  
DOMAININDEX s u b f i l e  fo r  a 
name matching th a t  in  ;fB09*
N.B. An extended v e r s io n  
o f  the Search r o u t in e  
(S e c t io n  2 o f  t h i s  appendix)  
i s  used which e n a b le s  the  
type o f  f i e l d  to  be 
e x tr a c te d  from the  
DOMAININDEX s u b f i l e  record  
and s to r e d  in  l o c a l  
v a r ia b le  ^TYPE.
C on d it ion s  to  be s a t i s f i e d
1 . The b in a ry  sea rch  s u c c e s s  
in d ic a t o r ,  /ftIND, must be z e r o .
Table 15*3 V a l id a te  C on d ition  Operator
O
A ction  to  be taken  
b e fo r e  v a l id a t io n
P erm itted  v a lu e s  
o f  c o n d it io n  
o p era tor  in  ;0X)P
E q u iva len t  COBOL 
c o n d it io n  s e t  up in  
s t r i n g  v a r ia b le
1 .  Remove any EQ, EQUAL TO
imbedded blanks in LT LESS THAN
the o p era tor  by LE NOT GREATER THAN
sq u ash in g  the GT GREATER THAN
c o n te n t s  o f  l o c a l GE NOT LESS THAN
v a r ia b le NE NOT EQUAL TO
NOTEQ NOT EQUAL TO
NOTLT r NOT LESS THAN
NOTLE GREATER THAN
NOTGT IfOT GREATER THAN
-  - NOTGE DESS THAN
NOTNE EQUAL TO
Table 15.4 Identify nature of Second Operand
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1 s t  c h a ra c ter Operand type
tt
+ -  . or d i g i t  
Any o th e r  ch a r a cter
Alphanumeric l i t e r a l
Numeric l i t e r a l
Domain or temporary item  name
Table 15*5 V a l id a t io n  o f  Alphanumeric l i t e r a l  2nd Operand
O
C o n d it io n s  to  be s a t i s f i e d A ct io n s  to  be taken when a l l  
c o n d it io n s  are  s a t i s f i e d
1 . Length ^ 5
2 .  L a st  ch a r a c ter  a double  
q u o ta t io n  mark ( ” ) •
S e t  l o c a l  v a r ia b le  /^TYPE 
equal to  'A* to  denote th a t  the  
second operand i s  o f  alphanum eric  
ty p e .
Table 15*6 V a l id a t io n  o f  Numeric l i t e r a l  2nd Operand
O
C o n d it io n s  to  be s a t i s f i e d A ction  to be taken when a l l  
c o n d it io n s  are  s a t i s f i e d
1. Subsequent c h a r a c te r s  
must be d i g i t s  or a decim al  
p o in t .
2 .  A fte r  a decim al p o in t  
o n ly  d i g i t s  are  p e r m it te d .
3* The decim al p o in t  may 
n ot be th e  l a s t  c h a r a c t e r .
S e t  l o c a l  v a r ia b le  ;^TYPE eq u a l  
to  'N* to denote  th a t  th e  second  
operand i s  o f  numeric ty p e .
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Table 15*7 Validation of Domain or Temporary item as 2nd Operand
O
A c tio n s  to  be taken  
b e fo r e  v a l id a t io n
1* Make a copy o f  the  
operand name in  s t r i n g  
v a r ia b le
2 .  B inary search  th e  
DOMAININDEX s u b f i l e  
fo r  a name matching  
th a t  in  ; ^ 09 ,
N.B. An extended  
v e r s io n  o f  the  Search  
r o u t in e  (S e c t io n  2 o f  
t h i s  appendix) i s  used  
which en a b le s  the f i e l d  
type to  be e x tr a c te d  
from th e  DOMAININDEX 
s u b f i l e  record  and 
s to r e d  in  l o c a l  
v a r ia b le  ^TYPE.
C o n d it io n s  to  
be s a t i s f i e d
1 . The b in a ry  search  
s u c c e s s  in d ic a t o r ,  
;0jIND, must be z e r o .
A ction  to  be taken  
when c o n d i t io n s  are  
s a t i s f i e d
1 . Append the  
q u a l i f i c a t i o n  
IN Z-TUPLE to  the  
name o f  the  second  
operand which i s  
s to r e d  in  s t r i n g  
v a r ia b le  ;^ 0 4 .
O
1 6 .  STAGES MACRO
The p r o c e s s in g  s t e p s  fo r  the  STAGES macro are  shown b e lo w .
On th e  macro l i s t i n g  (Item  27 in  the  sep a ra te  f o ld e r )  th e  f i r s t  
s ta tem en t  o f  each s t e p  has been h ig h l ig h t e d .
1 . S e t  th e  check p o in t  v a r ia b le  ;^ GCKPT eq u a l to  8 .
2 .  P r in t  th e  in t r o d u c to r y  d ia lo g u e  fo r  th e  s ta g e  and ask  
th e  u ser  to  s e l e c t  th e  rep o r t  page w id th . A lthough a narrow page 
o f  70 c h a r a c te r s  or  a wide page o f  120 c h a r a c te r s  i s  o f f e r e d ,  o n ly  
th e  im p lem en tation  o f  th e  narrow page h^s been a ttem p ted . G lobal  
v a r ia b le  ;fùWDTH i s  used to  s t o r e  th e  u s e r ' s  o p t io n  a s  a s i n g l e  
c h a r a c t e r ,  *N* fo r  a narrow page or *W fo r  a wide page. (A u s e r  
s e l e c t i n g  a w$de page i s  t o ld  th a t  th e  f a c i l i t y  i s  not y e t  
a v a i l a b l e  and by d e f a u l t  a narrow page i s  assum ed .)
3* Ask th e  u se r  to  e n te r  th e  maximum number o f  l i n e s  to  be
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p r in te d  on a r ep o rt  p age . This must be a number in  th e  range 40 to  
9 9 , w ith  a d e f a u l t  v a lu e  o f  6 0 . G lobal v a r ia b le  ;^MXLN i s  used  to  
s t o r e  in  b in a ry  form the  maximun number o f  l i n e s  on a rep o r t  page.
4 .  P r in t  th e  d ia lo g u e  a sk in g  th e  u ser  i f  he w ish es  to  
d es ig n  h i s  own r e p o r t  l i n e  form ats or  to  a c ce p t  th e  d e f a u l t  
form ats gen erated  by the  sy stem . (The d e fa u l t  o p t io n  has n o t  y e t  
been implemented so anyone s e l e c t i n g  t h i s  o p t io n  i s  a d v ise d  th a t  
he must d e s ig n  h i s  own output fo r m a ts . )
5* P r in t  ^he t e x t  d e s c r ib in g  how to  s e l e c t  and a s s o c i a t e  
a l a b e l  ch a r a c ter  w ith  each domain or  temporary item  ap p ear in g  
i n  th e  r e p o r t .
6 .  Carry out th e  housekeep ing  o p e r a t io n s  n e c e s s a r y  to  
m ain ta in  s t r i n g s  o f  v a l id  and u n a l lo c a te d  l a b e l  c h a r a c te r s  and 
p o in t e r s  to  cu rren t r eco rd s  in  th e  s u b f i l e s  used by th e  macro.
7* D is p la y ,  one by on e , th e  names o f  th e  domains and 
temporary item s in  th e  DOMAININDEX s u b f i l e  and ask th e  u s e r  to  
a s s i g n  a unique l a b e l  c h a r a c te r  to  th o se  w^ich a re  to  appear in  
th e  p r in te d  r e p o r t .
8 .  Use the  data from th e  DOMAININDEX record  to  s e t  up and 
w r ite  th e  LABELTABLE record  fo r  th e  c u r r e n t ly  s e l e c t e d  l a b e l  
( 2 )  c h a r a c t e r .
9* S tep s  7 and 8 are  rep ea ted  u n t i l  e i t h e r  a l l  th e  names 
i n  th e  DOMAININDEX have been d isp la y e d  or a l l  th e  l a b e l  c h a r a c t e r s  
have been a l l o c a t e d .  In th e  l a t t e r  c a se  a warning message i s  
o u tp u t .
10 . Write LABELTABLE r eco rd s  fo r  a l l  unused l a b e l  
c h a r a c t e r s ,  i f  any , so th a t  a l l  f i e l d s  ex cep t th e  f i r s t  a re  empty.
11 . P rfn t  th e  rem ain ing i n s t r u c t i o n a l  t e x t  from th e  DIAL8 
s u b f i l e .  Thig e x p la in s  how to  s p e c i f y  a r ep o r t  l i n e  format u s in g  
l a b e l  c h p r a c tq r s .
1 2 . Ch%in to  th e  STAGE9 macro.
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17. STAGE9 macro NOTES
These n o t e s  sh ou ld  be read in  co n ju n ct io n  w ith  F igure  7 .2 0  
i n  th e  main t e x t  o f  th e  t h e s i s .  The n ote  numbers r e f e r  to  th e  
b lo ck  w ith  the co rresp on d in g  number in  the f i g u r e .
1 .  The s t r i n g  o f  a l l  v a l i d  l a b e l  c h a r a c te r s  i s  s e t  up in  
s t r i n g  v a r ia b le  ; ^ 03 .
2 .  The u se r  i s  prompted to  e n te r  an alphanumeric e d i t i n g  
’ format which i s  saved  in  s t r i n g  v a r ia b le  ;^ 0 4 .  The c o n te n t s  o f
^ 0 4  i s  v a l id a t e d  a c co r d in g  to  th e  r u le s  shown in  Table 1 7 .1 .  The 
u se r  i s  then prompted to  e n te r  th e  alphanumeric va lu e  to  be e d i t e d  
a c co r d in g  to  the p r e v io u s ly  d e f in e d  form at. The c h a r a c te r s  
en tered  a re  tr a n s fe r r e d  to  th e  ou tp u t b u f fe r  a c co rd in g  to  th e  
r u le  shown in  Table 1 7 .2 .
3* Prompted by th e  d ia lo g u e  the  u ser  e n t e r s  a numeric 
e d i t i n g  format which i s  s to r e d  in  s t r i n g  v a r ia b le  ;^ 0 4  end 
v a l id a t e d  accq rd in g  to  th e  r u le s  shown in  Table 1 7 .3 .  The numeric  
l i t e r a l  which th e  u se r  i s  then prompted to  e n te r  must s a t i s f y  th e  
c o n d i t io n s  se% out in  Table 12 .1  o f  t h i s  ap p en d ix . The e d i t e d  
form o f  th e  nqmeric l i t e r a l  i s  b u i l t  up in  th e  ou tp u t b u f f e r  f
u s in g  th e  ch a ra cter^ m a n ip u la t io n s  d e scr ib e d  in  T ab les  1 7 .4  to
O f
4 .  A copy o f  th e  check p o in t  v a r ia b le  ji^CKPT i s  saved  in  
l o c a l  v a r ia b le  ;^V1. ;^CKPT i s  then  reduced by 1 so t h a t ,  when 
c o n t r o l  c h a in s  to  th e  s ta g e  d e s ig n a te d  by ;^ V 1, th e  s ta g e  ap p ears  
to  have been en tered  n o rm a lly .
Table 17#1 Validate Alphanumeric editing format
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C o n d itio n s  to  be s a t i s f i e d  by Alphanumeric e d i t i n g  format 
s to r e d  in  s t r i n g  v a r ia b le
1 . The s t r i n g  o f  e d i t  format c h a r a c te r s  must n ot co n ta in  
imbedded blank or c h a r a c t e r s ,  a lth ou gh  i t  may b eg in  w ith  
one or more ^ c h a r a c t e r s #
2 .  The l a b e l  c h a r c t e r s  in  th e  s t r i n g  must a l l  be the  same#
3# The la b e l  c h a r a c te r  must be one o f  the th o se  c o n ta in ed  in  
s t r i n g  v a r ia b le  ^ 03#
4 .  In a d d it io n  to  th e  l a b e l  c h a r a c te r s  and any le a d in g  
c h a r a c t e r s ,  o n ly  B and 0 c h a r a c te r s  may be p r e se n t  in  th e  
e d i t i n g  form at. I f  p r e s e n t ,  th e  B or 0 c h a r a c te r s  must 
appear somewhere to  th e  r ig h t  o f  a l a b e l  c h a r a c t e r ,  but n o t  
in  th e  l a s t  c h a r a c ter  p o s i t i o n .
O
Table 17*2 Cl^aracter t r a n s f e r s  to  the  output b u f fe r  during  
a%^ Alphanumeric E d it
E d it  c h a r a c te r s  from 
s t r i n g  v a r ia b le
C haracter d e p o s ite d  i n  the  
output b u ffe r
% ( i . e .  blank)
Label ch a r a c ter Next ch a ra c ter  from th e  alphanum eric  
v a lu e  lo c a te d  in  th e  in p u t  b u f f e r .  
(The b u f fe r  i s  scanned from l e f t  to  
r i g h t . )
B % ( i . e .  b lank)
0 0




C o n d it io n s  ^o be s a t i s f i e d  by Numeric e d i t i n g  format 
store<% in  s t r i n g  v a r ia b le  ;^ 04
1 . The s t r i n g  o f  e d i t  format c h a r a c te r s  must n o t  c o n ta in  
imbedded blank or ^  c h a r a c t e r s ,  a lth ou gh  i t  may b eg in  w ith  
one or more ^  c h a r a c t e r s .
2 .  + or -  may appear o n ly  once and may o n ly  be preceded by
a ^  c h a r a c te r .
3# or £  may appear o n ly  once and may o n ly  be preceded by
a + or -  c h a r a c te r .
4 .  • may o n ly  appear once end may o n ly  be preceded by a
+ -  or £  c h a r a c te r .
3« The l a b e l  c h a r a c te r s  i n  th e  s t r i n g  must a l l  be th e  same.
6 .  The l a b e l  c h a r a c te r  must be one o f  th o se  co n ta in ed  in
s t r i n g  v a r ia b le  ; ^ 03 .
7 .  . may appear o n ly  o n c e ,  but n o t  a s  the l a s t  c h a r a c ter  i n
the  s t r i n g .  I t  must be preceded by a l e a s t  one l a b e l
c h a r a c te r .
8 . CH and DB may appear a s  the  l a s t  two c h a r a c te r s  o f  th e  e d i t  
form at, but not i f  + or -  have been u sed .
9 .  B , 0 c h a r a c te r s  may be p r e s e n t ,  but o n ly  i f  th ey  are  
somewhere to  the  r i g h t  o f  a l a b e l  ch a ra c ter  and not i n  th e  
l a s t  p o s i t i o n  o f  th e  e d i t  s t r i n g .
10. E xcluding l e a d in g  ^  c h a r a c te r s  th e  e d i t  format s t r i n g  
must n ot exceed 30 c h a r a c te r s  in  le n g t h .
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Table 17*4 Character t r a n s f e r s  to the output b u ffe r  during  
a Numeric E d it  -  Part 1
O
o
C haracters  to the l e f t  o f  the  im p lied  or s p e c i f i e d  decim al  
p o in t ,  rea d in g  from r ig h t  to  l e f t
E d it  c h a ra c ter  from 
s t r i n g  v a r ia b le
L abel c h a ra c ter
B
C haracter d e p o s ite d  in  
th e  output b u f fe r
Next d i g i t  from the  numeric v a lu e  
lo c a t e d  in  the in p u t  b u f f e r .  (The 
b u ffe r  i s  scanned from r ig h t  to  
l e f t ,  s t a r t i n g  w ith  the ch a r a c ter  to  
the l e f t  o f  the  im p lie d  or s p e c i f i e d  
decim al p o i n t . )  I f  the  in p u t  b u ffe r  
d i g i t s  have a l l  been p ro cessed  or a 
s ig n  ch a ra cter  i s  reach ed , then  a 0 
ch a r a cter  i s  u sed .
+ i f  th e  numeric v a lu e  in  th e  in p u t  
b u f fe r  i s  p o s i t i v e  or u n s ig n ed .
- i f  th e  numeric v a lu e  in  th e  in p u t  
b u f fe r  i s  n e g a t iv e .
-  i f  th e  numeric v a lu e  in  th e  in p u t  
b u f fe r  i s  n e g a t iv e .
% ( i . e .  b lank) i f  th e  numeric v a lu e  
in  the  in p u t b u f fe r  i s  p o s i t i v e  or  
u n sig n ed .
£  or
%' ( i . e .  b lank)
% ( i . e .  blank)
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Table 17#3 C haracter t r a n s f e r s  to  th e  output b u f fe r  during  
a Numeric E dit  -  Part 2
O
O
C haracters  to  the r ig h t  o f  the im p lied  or s p e c i f i e d  decim al  
p o in t ,  r ea d in g  from l e f t  to  r ig h t
E dit  c h a ra c ter  from 
s t r i n g  v a r ia b le
L abel ch a r a ç ter
B
OR or DB
C h a ra c ter (s )  d e p o s i te d  in  
th e  output b u f fe r
Next ch a ra cter  from the numeric 
v a lu e  lo c a te d  in  the  in p u t  b u f f e r .  
(The b u ffe r  i s  scanned from l e f t  
to  r i g h t ,  s t a r t i n g  w ith  the  
c h a ra cter  to th e  r ig h t  o f  th e  
im p lied  or s p e c i f i e d  dec im al p o in t ,  
p o i n t l )  I f  th e  ch a r a cter  i s  
b la n k , i . e .  th e  in p u t  v a lu e  
c h a r a c te r s  are  ex h a u sted , a 0 
ch a r a c ter  i s  u se d .
% ( i . e .  b lank)
I f  th e  in p u t b u f fe r  c o n ta in s  a 
p o s i t i v e  or u n sign ed  v a lu e  
%% i s  used ( i . e .  2 b la n k s ) .
I f  th e  in p u t b u f fe r  c o n ta in s  a 
n e g a t iv e  v a lu e  th e  CR or DB 
c h a r a c te r s  are  u sed .
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Table 17*6 A djustm ents to  the  c o n te n t s  o f  the  ou tp u t b u f fe r  p r io r  
to  p r in t in g  e d i t e d  numeric data
O
O
C o n d it io n s  ^o be 
s a t i s f i e d  by th e  
c o n te n t s  o f  the  
output b u ffq r
None o f  th e  f o l lo w in g  
e d i t  c h a r a c te r s  p r e se n t
• p r e se n t
£  or ^ p r e se n t  but  
• a b sen t
+ or -  p r e se n t  but  
£  jL and * a l l  a b se n t
A ction  to  be taken to  amend the  
c o n te n t s  o f  the ou tp u t b u f fe r  when 
the c o n d i t io n s  are  s a t i s f i e d
R eplace a l l  le a d in g  z e r o s ,  i f  an y ,  
up to  but not in c lu d in g  a zero  
im m ed iate ly  to  th e  l e f t  o f  the  
im p lied  or a c t u a l  decim al p o in t  by 
blank c h a r a c t e r s .
R eplace a l l  le a d in g  z e r o s ,  i f  an y ,  
to  th e  r ig h t  o f  the  * ch a r a c ter  up 
t o ,  but not in c lu d in g ,  a zero to  th e  
l e f t  o f  th e  im p lied  or a c t u a l  dec im al  
p o in t  by a * c h a r a c te r .
1 . Replace a l l  l e a d in g  z e r o s ,  i f  any ,  
to  the r ig h t  o f  the  £  or c h a r a c te r  
up t o ,  but not in c lu d in g ,  a zero  to  
the  l e f t  o f  the im p lie d  or a c t u a l  
decim al p o in t  by a b lan k .
2 .  R eplace the  £  or ^ c h a r a c ter  by  
a b la n k .
3 .  Replace the blank c h a r a c ter  to  
the  l e f t  o f  the  l e f t - m o s t  d i g i t  by  
a £  or
1 . Replace a l l  l e a d in g  z e r o s ,  i f  any ,  
to  th e  r ig h t  o f  the  + or -  c h a r a c te r  
up t o ,  but not in c lu d in g ,  a zero  to  
the  l e f t  o f  the  im p lie d  or a c t u a l  
decim al p o in t  by blank c h a r a c t e r s .
2 .  Replace the + or -  c h a r a c te r  by 
8 b la n k .
3* Replace the blank c h a r a c ter  to  
th e  l e f t  o f  the l e f t - m o s t  d i g i t  by a 
+ or -  c h a r a c te r .
41
1 8 . IDENTIFICATION. VALIDATION AND GENERATION OF FIELD DESCRIPTIONS
18 .1  BLANK FILLER
Table l 8 . 1  I d e n t i f i c a t i o n  and v a l id a t io n  o f  Blank FILLER f i e l d
O
S t a r t  o f  F ie ld  
I d e n t i f i e s t i o n
End o f  F i e ld  
I d e n t i f i c a t i o n
F ie ld  V a l id a t io n
F i r s t  c h a r a c ter L ast c h a ra c ter  
fo l lo w e d  by a 
non 1^  
c h a r a c ter
Only iff c h a r a c te r s  
p r e s e n t .
The COBOL data d e s c r ip t io n  s ta tem en t g en era ted  ta k e s  th e  
f o l lo w in g  form:
02 FILLER PICTURE X(n) VALUE SPACES, 
where n i s  the  number o f  c o n tig u o u s  #  c h a r a c te r s  i n  th e  f i e l d .
1 8 .2  ALPHANUMERIC FILLER
O
T able l 8 . 2  I d e n t i f i c a t i o n  and v a l i d a t i o n  o f  Alphanumeric FILLER 
f i e l d
S t a r t  o f  F ie ld  
I d e n t i f i c a t i o n
End o f  F ie ld  
I d e n t i f i c a t i o n
F ie ld  V a l id a t io n
F i r s t  ch a ra c ter  
«
L ast ch a r a c terIt Both d e l im i t in g  qu otes  ( ” ) must be 
p r e s e n t .
The COBOL data d e s c r ip t io n  s ta te m e n ts  gen era ted  tak e  th e  
f o l l o w in g  forp:.
02 FILLER PICTURE X(n) VALUE 
" v te x t - c h a r a c te r s v " .
where




d e l i m i t i n g  q u o t a t i o n  m arks  i n  t h e  l i n e  s p e c i f i c a t i o n ,
i s  a s p a c e  c h a r a c t e r  t o  c o m p e n s a t e  f o r  t h a t  o c c u p i e d  by  a 
"  c h a r a c t e r  i n  t h e  l i n e  s p e c i f i c a t i o n .
O
I f  t h e  number  o f  c h a r a c t e r s  i n  a t e x t  s t r i n g  i s  g r e a t e r
t h a n  5 6 , t h e n  s t a t e m e n t s  f o r  two FILLER i t e m s  a r e  g e n e r a t e d
a s  f o l l o w s :
02  FILLER PICTURE X (57)  VALUE 
" V f i r s t - f i f t y s i x - t e x t - c h a r a c t e r s " •
02  FILLER PICTURE X(m) VALUE 
" r e m a i n i n g - t e x t - c h a r a c t e r s v " .
w here  m = n -  57 a n d  n i s  a s  d e s c r i b e d  a b o v e .  A g a in  v  d e n o t e s  a 
c o m p e n s a t i n g  s p a c e  c h a r a c t e r .
1 8 .3  ALPHANUMERIC DATA ITEM
T a b l e  I 8 . 3  I d e n t i f i c a t i o n  and  v a l i d a t i o n  o f  A l p h a n u m e r i c  d a t a  
f i e l d
O
S t a r t  o f  F i e l d  
I d e n t i f i c a t i o n
F i r s t  c h a r a c t e r  
a v a l i d  l a b e l  
c h a r a c t e r  whose 
LABELTABLE r e c o r d  
c o n t a i n s  d e t a i l s  
o f  a n  a l p h a n u m e r i c  
i t e m ,  i . e .  F i e l d  
t y p e  e q u a l s  *A '
End o f  F i e l d  
I d e n t i f i c a t i o n
L a s t  c h a r a c t e r  
f o l l o w e d  by  one  
o f  t h e  f o l l o w i n g :
£
A l p h a b e t i c  
c h a r a c t e r s  o t h e r  
t h a n  t h e  c u r r e n t  
l a b e l  c h a r a c t e r
F i e l d  V a l i d a t i o n
1 .  The l a b e l  c h a r a c t e r  
m us t  n o t  p r e v i o u s l y  h a v e  
a p p e a r e d  i n  a f i e l d  
d e s c r i p t i o n  i n  t h e  c u r r e n t  
l i n e .
2 .  B a n d  0 c h a r a c t e r s  may 
be  p r e s e n t ,  b u t  o n l y  i f  t h e y  
a r e  somew here  t o  t h e  r i g h t  
o f  a l a b e l  c h a r a c t e r  an d  n o t  
i n  t h e  l a s t  c h a r a c t e r  
p o s i t i o n  o f  t h e  f i e l d  
s p e c i f i c a t i o n .
3 . The r e s u l t i n g  PICTURE 
s t r i n g  ( T a b l e  l 8 . 4 )  m u s t  
n o t  b e  more t h a n  3 0  
c h a r a c t e r s  l o n g .
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Thç COBOL det8 d e s c r ip t io n  gen erated  has th e  f o l lo w in g  form: 
02 dat a -name PICTURE p i c t u r e - s t r i n g .  '
where
dat a -name i s  th e  second f i e l d  o f  th e  LABELTABLE record  fo r  th e  
l a b e l  c h a r a c ter  used  in  the  f i e l d  format d e s c r ip t io n ,
and
p i c t u r e - ç t r i n ç  i s  th e  v a lu e  o f  a s t r i n g  v a r ia b le  whose c o n te n t s  
i s  d er iv ed  from th e  f i e l d  format s p e c i f i c a t i o n  in  th e  way 
in d ic a t e d  in  Table 1 8 .4 .
O
O
Table 1 8 ,4  D e r iv a t io n  o f  a p ic tu r e  s t r i n g  from an alphanum eric  
f%eld format s p e c i f i c a t i o n .
Alphanumeric f i e l d  
s p e c i f i c a t i o n  c h a r a c t e r ( s )
Corresponding p i c t u r e - s t r i n g  
c h a r a c t e r ( s )
Label c h a ra c ter X
F iv e  or  more co n tig u o u s  
l a b e l  c h a r a c te r s
X(n) where n i s  th e  number 
o f  co n tig u o u s  l a b e l  
c h a r a c te r s .
B B
F ive  or more c o n tig u o u s  
B c h a r a c te r s
B(n) where n i s  th e  number 
o f  co n tig u o u s  B c h a r a c t e r s .
0 0
N.B^ The r e s u l t i n g  p i c t u r e - s t r i n g  must not ex ceed  30 c h a r a c t e r s .
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18.4 NUMERIC DATA ITEM
Table 18,5 Identification and validation of Numeric data field
O
o
s t a r t  o f  F ie ld  
I d e n t i f i c a t i o n
F i r s t  c h a ra c ter  
one o f  ^he 
fo l lo w in g :
£
4>
V alid  l a b e l  
c h a ra cter  whose 
LABELTABLE 
record  c o n ta in s  
d e t a i l s  o f  a 
numeric i te m ,
i . e .  F i e ld  type  
eq u a ls  #N*
End o f  F ie ld  
I d e n t i f i c a t i o n
L ast two 
c h a r a c te r s  
CR or DB
or
l a s t  c h a ra c ter  
fo l lo w e d  by one 
o f  th e  fo l lo w in g :
f f
£
A lp h ab etic  
c h a r a c ter  o th er  
than the  cu rren t  
l a b e l  c h a ra c ter
F ie ld  V a l id a t io n
1. At l e a s t  one v a l i d  
l a b e l  c h a r a c te r ,  whose 
LABELTABLE record  c o n ta in s  
d e t a i l s  o f  a numeric item  
must be p r e s e n t .
2 .  The l a b e l  c h a r a c ter  
must n ot p r e v io u s ly  have  
appeared in  a f i e l d  
d e s c r ip t io n  in  the  same 
l i n e .
3 .  + or -  may o n ly  appear  
a s  the  f i r s t  c h a r a c te r  o f  
the f i e l d .
4 .  £  or ;2> may o n ly  appear  
once and may o n ly  be 
preceded by a + or - .
5 .  * may o n ly  appear once  
and may o n ly  be preceded  
by + -  or £ .
6 .  . may appear o n ly  once  
but not a s  th e  l a s t  
c h a r a c t e r .  I t  must be 
preceded by a l a b e l  
c h a r a c te r .
7 .  I f  u se d ,  CR or DB may 
o n ly  appear a s  the l a s t  two 
c h a r a c te r s  o f  the  f i e l d .
They may n o t be used  when a 
+ or -  i s  p r e sen t  in  th e  
f i e l d  s p e c i f i c a t i o n .
8 .  B , 0 c h a r a c te r s  may be 
p r e s e n t ,  but o n ly  i f  th ey  
are somewhere to  th e  r i g h t  
o f  a l a b e l  c h a r a c te r  and not  
in  the  l a s t  p o s i t i o n  o f  th e  
f i e l d  s p e c i f i c a t i o n .
9* 30 c h a r a c te r s  i s  th e
maximum f i e l d  s p e c i f i c a t i o n  
s i z e .
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Thq COBOL data d e s c r ip t io n  sta tem en t gen era ted  ta k es  th e
fo l l o w i n g  form:
02 data-name PICTURE p i c t u r e - s t r i n g .
where
d ata—name i s  the  second f i e l d  o f  th e  LABELTABLE record  fo r  the  
l a b e l  ch a r a c ter  in  the  f i e l d  s p e c i f i c a t i o n .
and
p i c t u r e - s t r i n g  i s  th e  v a lu e  o f  a s t r i n g  v a r ia b le  whose c o n te n t s  
i s  d er iv ed  from th e  f i e l d  format s p e c i f i c a t i o n  in  th e  way- 
in d ic a t e d  in  T ab les  I 8 .6  and l 8 . ? .
O T able l 8 f 6  D e r iv a t io n  o f  a p ic t u r e  s t r i n g  from a numeric f i e l d  
format s p e c i f i c a t i o n  -  Part 1
O
Numeric f i e l d  
s p e c i f i c a t i o n  c h a r a c t e r ( s )
Corresponding p i c t u r e - s t r i n g  
c h a r a c t e r ( s )
Label c h a ra c ter 9
+ +
- -








Table 18*7 D e r iv a t io n  o f  a p ic tu r e  s t r in g . f r o m  a numeric f i e l d  
format s p e c i f i c a t i o n  -  Part 2
O
O'
Adjustm ents to  th e  p i c t u r e - s t r i n g  p r io r  to th e  g e n e r a t io n  o f  the  
COBOL data d e s c r ip t io n  s ta tem en t
C on d it iq n s  to  be s a t i s f i e d  
by th e  p i c t u r e - s t r i n g
Changes to  be made to  the  
p i c t u r e - s t r i n g
None o f  th e  f o l lo w in g  e d i t  
c h a r a c te r s  p re se n t :
Replace each 9 ch a r a cter  to  the  
l e f t  o f  th a t  in  the  u n i t s  p o s i t i o n ,  
i f  any, by a Z ( i . e .  the COBOL zero  
su p p ress io n  c h a r a c t e r ) .
* p r e se n t R eplace each 9 ch a r a c ter  to  th e  
r ig h t  o f  the * and to  th e  l e f t  
o f  th a t  in  the  u n i t s  p o s i t i o n ,  i f  
any, by an * ( i . e .  th e  COBOL 
f l o a t i n g  cheque p r o t e c t  c h a r a c t e r ) .
.......................r  --------- :— ^  ■
£  or  7^  p r e se n t  but • a b sen t Replace each 9 ch a r a c ter  to  th e  
r ig h t  o f  the o r  and to  th e  
l e f t  o f  the u n i t s  p o s i t i o n ,  i f  
any, by a £  or ^ ( i . e .  the  COBOL 
f l o a t i n g  currency c h a r a c t e r ) .
+ or  -  p r e se q t  but £  or  ^  
or * a b sen t
Replace each 9 ch a r a c ter  to  th e  
r ig h t  o f  the  + or  -  and to  th e  
l e f t  o f  the  u n i t s  p o s i t i o n ,  i f  
any, by a + or -  ( i . e .  th e  COBOL 
f l o a t i n g  s ig n  c h a r a c t e r ) .
1 8 .5  DATE ITEM
The date  f i e l d  i s  i d e n t i f i e d  in  th e  l i n e  format s p e c i f i c a t i o n  
by the  p resen ce  o f  th e  e ig h t  c h a r a c te r  s t r i n g  DD/MM/YY. I t  may 
o n ly  occu r  once in  any l i n e .  The COBOL l e v e l  02 data d e s c r ip t io n  
gen era ted  has th e  fo l lo w in g  form:
02 ZDATE PICTURE X (8 ) ,
o47
1 8 .6  TIME ITEM
Thç eig%it c h a r a c te r  s t r i n g  HH/MM/SS i d e n t i f i e s  the p resen ce  
o f  th e  t^me f^ e ld  in  th e  l i n e  format s p e c i f i c a t i o n .  I t  may occur  
o n ly  one in  apy l i n e .  The COBOL l e v e l  02 data d e s c r ip t io n  
g en era ted  takps the form;
02 ZTIME PICTURE X (8 ) .
1 8 .7  PAGE NUMBER ITEM
The presen ce  o f  th e  page number f i e l d  in  a l i n e  format 
s p e c i f i c a t i o n  i s  i d e n t i f i e d  by th e  fou r  c h a r a c ter  s t r i n g  PPPP.
I t  may occu r  o n ly  once in  any l i n e .  The COBOL l e v e l  02 s ta tem en t  
gen era ted  has the  f o l l o w in g  form;





The g é n é ra l  form o f  th e  s ta te m e n ts  gen era ted  during Stage 10
o f  th e  ppoblei|i s p e c i f y i n g  d ia lo g u e  fo r  th e  WRITEPARA macro i s  a s
f o l lo w s :
9SDEF WRITEPARA 
% LABELOFF
IF Z-LINE-COUNT GREATER THAN Z -L -C (l) PERFORM Z-PARA-PAGE.
*^*kon-i)kwkrMOVE CORRESPONDING Z-TUPLE TO Z-DETAIL-1.
«UUa UrteJ add m TO Z-ADV-LINES.
(write Z-OUTREC from Z-detail- 1 AFTER ADVANCING Z-ADV-LINES,
SvJoae<j,ue  ^ (MOVE CORRESPONDING Z-TUPLE TO Z-DETAIL-n.
V rITE Z-OUTREC FROM Z-DETAIL-n AFTER ADVANCING p LINES.
I
I
MOVE q TO Z-ADV-LINES.
ADD r TO Z-LINE-COUNT.




1 e q u a ls  the number o f  key  domains, i . e .  th e  v a lu e  i n  g lo b a l  
v a r ia b le  ;^NKEY.
m eq u a ls  one p lu s  the  number o f  blank l i n e s  b e fo r e  th e  f i r s t
noq-blank d e t a i l  l i n e  o f  the p r in t  group, 
n eq u a ls  the  n o n -b la n k 'd e t a i l  l in e ,  number. n ta k e s  th e  v a lu e s
2 ,  3 ,  4 ,  e t c  depending on th e  number o f  non-blank l i n e s  in  
the  p r in t  group.
p eq q a ls  one p lu s  th e  number o f  blank l i n e s  b e fo r e  th e  cu r re n t
 ^ noq-blapk l i n e  o f  the  p r in t  group, 
r  eq q a ls  |;he t o t a l  number o f  l i n e s ,  in c lu d in g  blank l i n e s ,  in




The g e n e ra l  form o f  th e  TITLEPARA macro, th e  s ta te m e n ts  fo r
which are  gen erated  during  Stage  12 o f  the  problem s p e c i f y in g




MOVE SPACES TO Z-OUTREC.
WRITE Z-OUTREC BEFORE ADVANCING CHANNEL-1 .
l^ o^«.\a\«xvNk TmOVE CORRESPONDING Z-TUPLE TO Z-TITLE-1.
tCWL liAC. ^WRITE Z-OUTREC FROM Z-TITLE-1 AFTER ADVANCING 1 LINES.
CMOVE CORRESPONDING Z-TUPLE TO Z-TITLE-n.





n eq u a ls  the number o f  the  non-blank l i n e ,  n ta k e s  th e  v a lu e s
2 ,  3 f  e t c  depending on th e  number o f  non-blank l i n e s  i n  th e  
p r in t  group.
1 eq u a ls  th e  number o f  blank l i n e s  b e fo re  th e  f i r s t  non-b lank
t i t l e  l i n e .
m eq u a ls  one p lu s  th e  number o f  blank l i n e s  b e fo r e  th e  cu r re n t
non-blank t i t l e  l i n e .
The MOVE CORRESPONDING s ta tem en t b e fo r e  each WRITE o p e r a t io n  i s  
gen era ted  o n ly  i f  th e  d a t e ,  tim e or  page number appears i n  th e  
l i n e  format s p e c i f i c a t i o n .
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21. PHEADPARA MACRO
The g e n e ra l  form o f  th e  s ta te m e n ts  gen erated  during S tage  13
o f  th e  problem s p e c i f y i n g  d ia lo g u e  fo r  th e  PHEADPARA macro i s  a s
f o l lo w s :
%DEF PHEADPARA 
% LABELOFF
/ move corresponding Z-TUPLE TO Z-PAGE-1.
Vifxe of , . (WRITE Z-OUTREC FROM Z-PAQE-1 AFTER ADVANCING 1 LINES.
fMOVE CORRESPONDING Z-TUPLE TO Z-PAGE-n.
(WRITE Z-OUTREC FROM Z-PAGE-n AFTER ADVANCING m LINES.
(^3^ , fMOVE q TO Z-ADV-LINES.
D  AMOVE r TO Z-LINE-COUNT.




1 eq u a ls  the  number o f  blank l i n e s  b e fo re  th e  f i r s t  non-b lank
page heading l i n e ,  
m eq u a ls  one p lu s  the  number o f  blank l i n e s  b e fo r e  th e  c u r ren t
non-blank page head in g  l i n e ,  
n eq u a ls  the  number o f  the  non-blank page head in g  l i n e ,  i . e .  n
ta k e s  the v a lu e s  2 ,  3 ,  e t c  depending on th e  number o f  non-  
Q  blank l i n e s  in  th e  page h ea d in g .
q eq u a ls  th e  number o f  b lank l i n e s  a f t e r  th e  f i n a l  n on -b lan k
page heading l i n e ,  
r  eq u a ls  the  t o t a l  number o f  l i n e s ,  in c lu d in g  blank l i n e s ,  in
the  page heading p r in t  group.
The MOVE CORRESPONDING sta tem en t  b e fo r e  each WRITE o p e r a t io n  i s  
g en era ted  o n ly  i f  th e  d a t e ,  t im e ,  page number or a l a b e l  c h a r a c te r  
appears in  th e  l i n e  format s p e c i f i c a t i o n .  I f  th e  u se r  does  n ot  
w ish to  s p e c i f y  a p r in te d  page h ea d in g , o n ly  th e  page c o n t r o l  
s ta te m e n ts  are  g en era ted  in  th e  body o f  the  macro. In t h i s  c a se  




The g é n é ra l  form o f  th e  s ta te m e n ts  gen era ted  during Stage  14
fo r  the SBHPARAn macros i s  a s  f o l lo w s ;
%DEF SBHPARAn 
% LABELOFF
1'Vcvx.VjWW.fADD 1 TO Z-ADV-LINES
two J move CORRESPONDING Z-TUPLE TO Z-HEADn-1.
( write Z-OUTREC FROM Z-HEADn-1 AFTER ADVANCING Z-ADV-LINES.
bN«oJc
fMOVE CORRESPONDING Z-TUPLE TO Z-HEADn-m.
(WRITE Z-OUTREC FROM Z-HEADn-m AFTER ADVANCING p LINES.
;
MOVE q TO Z-ADV-LINES.




1 eq u a ls  one p lu s  the  number o f  blank l i n e s  b e fo r e  th e  f i r s t
non-blank l i n e  o f  th e  sequence break h ea d in g ,  
m eq u a ls  the number o f  th e  non-blank l i n e  in  th e  sequence
break h ead in g , i . e .  m ta k es  th e  v a lu e s  2 ,  3 t  @tc depending  
on the  number o f  non-blank l i n e s  in  the  p r in t  group,
n eq u a ls  the  l e v e l  number o f  th e  sequence k e y ,  i . e .  n ta k e s
th e  v a lu e s  1 , 2 ,  3 ,  e t c  depending on th e  number o f  k e y s .  
There i s  a sequence break heading fo r  each key  ex ce p t  th e  
minor key  and 1 d en o tes  the  major k ey .  
p eq u a ls  one p lu s  th e  number o f  blank l i n e s  b e fo r e  th e  cu r re n t
non-blank l i n e  o f  the  sequence break h ead in g ,  
q eq u a ls  the  number o f  blank l i n e s  a f t e r  th e  f i n a l  n on -b lan k
l i p e  in  the  sequence break h ead in g ,  
r  eq u a ls  the t o t a l  number o f  l i n e s ,  in c lu d in g  blank l i n e s ,  in
thp cu rren t sequence break h ead in g .
The MOVE CORRESPONDING sta tem en t i s  generated  o n ly  i f  a l a b e l  




The STLPARAn macros generated during Stage 15 have the
f o l l o w in g  g e n e ra l  form;
%DEF STLPARAn 
% LABELON
"ADD 1 TO Z-ADV-LINES.
MOVE CORRESPONDING Z-LEVEL-n TO Z-SUBTOTALn-1.





WRITE Z-OUTREC FROM Z-SUBTOTALn-1 AFTER Z-ADV-LINES.
fMOVE CORRESPONDING Z-LEVEL-n TO Z-SUBTOTALn-m.




IWRITE Z-OUTREC FROM Z-SUBTOTALn-m AFTER ADVANCING p LINES,
MOVE q TO Z-ADV-LINES.




1 e q u a ls  one p lu s  th e  number o f  blank l i n e s  b e fo r e  th e  f i r s t
non-blapk l i n e  o f  the  sequence break s u b t o t a l ,  
m eq u a ls  the  number o f  the non-blank l i n e  in  th e  p r in t  group,
i . e .  m ta k es  the  v a lu e s  2 ,  3 ,  e t c  depending on th e  number o f  
non-blank l i n e s  in  th e  s u b t o t a l  o u tp u t ,  
n e q u a ls  the  l e v e l  number o f  th e  sequence k e y ,  i . e .  n t a k e s
the v a lu e s  1 , 2 ,  3» e t c  depending on the  number o f  k e y s .  
There i s  a sequence break s u b t o t a l  fo r  each key  l e v e l  e x ce p t  
th e  minor k ey  and 1 d en o tes  th e  major k e y .  
p eq u a ls  one p lu s  th e  number o f  blank l i n e s  b e fo r e  th e  c u r r e n t
non-blank l i n e  in  the  sequence break s u b t o t a l ,  
q eq u a ls  th e  number o f  blank l i n e s  a f t e r  th e  f i n a l  non -b lan k
l i n e  o f  th e  p r in t  group, 
r  e q u a ls  th e  t o t a l s  number o f  l i n e s ,  in c lu d in g  blank l i n e s ,  in
th e  cu rren t  sequence break s u b t o t a l .
oo
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d a t s - n a m e  e q u a l s  t h e  name o f  a n o n - t o t a i l i n g  i t e m  w h ic h  a p p e a r s  i n  
t h e  c u r r e n t  l i n e  o f  t h e  s u b t o t a l  p r i n t  g r o u p .
The MOVE CORRESPONDING s t a t e m e n t  i s  g e n e r a t e d  o n l y  i f  a l a b e l  
c h a r a c t e r  f o r  a t o t a l l i n g  i t e m  a p p e a r s  i n  t h e  f o r m a t  s p e c i f i c a t i o n  
o f  t h e  l i n e .  I f  o n l y  n o n - t o t a l l i n g  d a t a  i t e m s  a r e  p r e s e n t  i n  t h e  
l i n e  f o r m a t  s p e c i f i c a t i o n ,  t h e  MOVE ■•.CORRESPONDING Z-LEVEL-n 
s t a t e m e n t  i s  o m i t t e d  a n d  a MOVE CORRESPONDING Z-TUPLE s t a t e m e n t  
may be  u s e d  t o  r e p l a c e  t h e  i n d i v i d u a l  MOVE s t a t e m e n t s .
2 4 .  TOTALPARA MACRO
The g e n e r a l  fo rm  o f  t h e  s t a t e m e n t s  g e n e r a t e d  f o r  t h e  TOTLPARA 
macro  i n  S t a g e  16 i s  a s  f o l l o w s :
%BEF  TOTLPARA 
% LABELOFF
_ A dd 1 TO Z-ADV-LINES.
• " W A - W d v jc MOVE CORRESPONDING Z-LEVEL-0 TO Z-TOTAL-1 .  









IWRITE Z-OUTREC FROM Z-TOTAL-1 AFTER ADVANCING Z-ADV-LINES. 
%OVE CORRESPONDING Z-LEVEL-0 TO Z-TOTAL-m.
MOVE d a t a - n a m e  IN Z-TUPLE TO d a t a - n a m e  IN 
Z-TOTAL-m.
.WRITE Z-OUTREC FROM Z-TOTAL-m AFTER ADVANCING p LINES.
% LABELON
%END
w h e re :
1 e q u a l s  t h e  number  o f  b l a n k  l i n e s  b e f o r e  t h e  f i r s t  n o n - b l a n k
l i n e  o f  t h e  t o t a l s  p r i n t  g r o u p ,  
m e q u a l s  t h e  number,  o f  t h e  n o n - b l a n k  l i n e s  i n  t h e  t o t a l s  p r i n t
g r o u p , i . e .  m t a k e s  t h e  v a l u e s  2 ,  3 j  e t c  d e p e n d i n g  on  t h e  
number  o f  n o n - b l a n k  l i n e s  i n  t h e  t o t a l s  o u t p u t ,  
p e q u a l s  one p l u s  t h e  number o f  b l a n k  l i n e s  b e f o r e  t h e  c u r r e n t
n o n - b l a n k  l i n e  i n  t h e  t o t a l s  o u t p u t ,  
d a t a - n a m e  e q u a l s  t h e  name o f  a n o n - t o t a l l i n g  i t e m  w h ic h  a p p e a r s  i n
O '
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in  the  cu rren t non-blenk l i n e  o f  the t o t a l s  p r in t  group.
The MOVE CORRESPONDING Z-LEVEL-0 s ta tem en t i s  gen era ted  o n ly  i f  a 
l a b e l  ch a r a c ter  fo r  a t o t a l l i n g  item  appears in  th e  format 
s p e c i f i c a t i o n  o f  th e  l i n e .  A MOVE data-name IN Z-TUPLE sta tem en t  
i s  g en era ted  fo r  each n o n - t o t a l l i n g  item  whose l a b e l  c h a r a c te r  
appears in  thq format s p e c i f i c a t i o n  o f  the l i n e .  I f  o n ly  
n o n - t o t a l l i n g  data i tem s  are  p r e s e n t  in  a t o t a l  l i n e  format 
s p e c i f i c a t i o n ,  the  MOVE CORRESPONDING Z-LEVEL-0 s ta tem en t i s  not  
generated* A MOVE CORRESPONDING Z-TUPLE s ta tem en t may then  be used  
to  r e p la c e  th e  i n d iv id u a l  MOVE s ta te m e n ts ,  i f  an y .
O
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2 5 .  COMBINATIONS OF REPORT OUTPUT CATEGORIES AND ASSOCIATED PAGE 
SIZE CONDITIONS
The com b in etion s  o f  r ep o r t  output c a t e g o r i e s  and a s s o c ia t e d  
page s i z e  c o n d i t io n s  a re  summarised i n  Table 25*1#





C a te g o r ie s  
o f  output  
which may 
be in c lu d ed
G lobal
v a r ia b le
used to
i n d ic a t e
output
c a te g o ry
p r e se n t
Name o f  
s u b f i l e  
c o n ta in in g  
l i n e  count 
d e t a i l s
Symbol 
used fo r  
l i n e  count  
va lu e
C o n d it io n s  to  
be s a t i s f i e d
T i t l e
page
Report
t i t l e
















L=Lp+ Z  Lsh*
D e t a i l
l i n e ( s )
Aiwa ys  




;fOPAGE PAGEHEAD Lp L+Lstj^;^MXLN 






to m and 
m=/ÙNKEY 
-1
Lshc where ^  
L=Lp+ Z  LshC
Sequence  
break - 
s u b t o t a l
;fÙSUBT PAGESTLj 
where j 
i n d i c a t e s  
th e  key  
l e v e l
Lstj
N.B. G lobal v a r ia b le  ;fGMXLN c o n ta in s  the  maximum number o f  l i n e s
L \ :
p erm itted  on a page .
Table 2 5.1 continued
56
Page C a te g o r ie s G lobal Name o f Symbol C o n d it io n s  to
Type o f  output v a r ia b le s u b f i l e used fo r be s a t i s f i e d
which may used to c o n ta in in g l i n e  count
be in c lu d ed i n d ic a t e
output
c a te g o ry
p r e se n t
l i n e  count  














heading to  m and
m=;^NKEY ,
-1
T o ta ls ffSiTOTL PAGETOTL Lt
N .B . G lob al v a r ia b le  ;^MXLN c o n ta in s  the maximum number o f  l i n e s  




The general form of the OWNname macros is as follows:
9^  DBF OWNname 
% LABELOFF
c o n d i t io n s l - e x p r e s s io n - 1  
impera t i v e - s t a  te m e n t-1 . 





name i s  th e  p r o c e s s in g  p o in t  in  th e  COBOL program where th e  own 
code has to  be execu ted  (S ee  Table 26.1  o f  t h i s  appendix
( 2 )  fo r  d e t a i l s ) .
c o n d i t io n a l - e x p r e s s io n  r e p r e s e n t s  l i n e s  o f  COBOL gen era ted  from
tho u ser  en tered  c o n d it io n  s p e c i f i c a t i o n  which may be s im p le  
or compound. C ond ition  s p e c i f i c a t i o n  i s  o p t i o n a l ,  
im p e r a t iy e - s t a tement r e p r e s e n t s  th e  COBOL sta tem en t g en era ted  from 
’ th e  u s e r ’s  own code s ta tem en t  (S e c t io n  27 o f  t h i s  a p p e n d ix ) .
O
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Table 26.1  Mqcro d e f i n i t i o n  s u b f i l e  names used fo r  own code  
p r o c e s s in g
O
O
S u b f i l e  name COBOL program p r o c e s s in g  p o in t
OWNSTART At the  s t a r t  o f  p r o c e s s in g  b e fo r e  any data i s  
r e t r i e v e d .
OWNRETR Im m ediately  a f t e r  a data r e t r i e v a l .









At a sequence break in  the key domain whose l e v e l  
i s  in d ic a t e d  by the d i g i t  a t  th e  end o f  the  
s u b f i l e  name. L eve l 1 i s  fo r  the major k e y .
N.B. In any problem o n ly  up to  m s u b f i l e s  w i l l  
be used where m = /^NKEY-1









P r io r  to  p r in t in g  the sequence break head in g  fo r  
the  key domain whose l e v e l  i s  in d ic a t e d  by th e  
d i g i t  a t  the  end o f  the  s u b f i l e  name. L ev e l  1 
i s  fo r  th e  major k e y .
R,B. 8uy problem o n ly  up to  m s u b f i l e s  w i l l  
be used where m = ;^NKEY-1









P r io r  to  p r in t in g  the  sequence break s u b t o t a l s  
fo r  th e  sequence key whose l e v e l  i s  in d ic a t e d  
by the  d i g i t  a t  the  end o f  th e  s u b f i l e  name.
The major key  i s  a t  l e v e l  1 .
N.B. In any problem o n ly  up to  m s u b f i l e s  w i l l  
be used where m = ;^NKEY-1
OWNTOTL P r io r  to  p r in t in g  th e  t o t a l  l i n e ( s ) .
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27. OWN CODE STATEMENTS
T his s e c t io n  d e s c r ib e s  the i d e n t i f i c a t i o n  and v a l id a t io n  o f  
the  u s e r ’s  own code s ta te m e n ts  from which e q u iv a le n t  COBOL 
s ta te m e n ts  are  generated* The own code s ta te m e n ts  are  d e sc r ib e d  
i n  th e  f o l lo w in g  order;
1* ADD
2 .  SUBTRACT 
3* MULTIPLY
4 .  DIVIDE 
5* MOVE
27*1 ADD OWN CODE STATEMENT
ADD op eran d -1 , operand-2 GIVING operand-3
Table 27*1 I d e n t i f i c a t i o n  o f  the  ADD sta tem en t and d e l i m i t e r s  
o f  operands
O
Item Comments
ADD Must be the first non-blank substring of the 
user's response.
operand-1 Starts with the first non-blank character after 
the final D of ADD.
Delimited by a blank or comma character.
f Must be present after the first operand but may 
be preceded by one or more blanks.
operand-2 Btarts with the first non-blank character after 
the comma.
Delimited by a blank character or by the first 
G of GIVING.
GIVING Must be present after the second operand but may 
be preceded by one or more blank characters.
operand-3 Starts with the first non-blank character after 
the final G of GIVING.
Delimited by a blank character or the end of the 
response string.
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Table 27.2 Permitted operand types for ADD, SUBTRACT and MULTIPLY
Operand Type
Numeric
l i t e r a l
(Note 1)
Domain or  
Temporary item  
name 
(N ote 2)
Domain or  
Temporary item  
name p re fa ced  by * 
(Note 3 )
op eran d -1 v / X
operand-2 X
operand-3 X X X
N otes
O 1 The r u le s  fo r  a v a l id  numeric l i t e r a l  are  g iv en  in  
Tab^e 12 .1  o f  t h i s  ap p en d ix .
2% The domain or temporary item  name must have a m atching
record  in  th e  DOMAININDEX s u b f i l e  w ith  F ie ld  typ e
equal to *N* (Appendix V S e c t io n  ? ) •
3» The domain or temporary item  name must have a m atch ing
record  in  th e  DOMAININDEX s u b f i l e  w ith  th e  T o t a l l i n g
marker eq u a l to  *T* or *S*.
O
Three l i n e s  o f  COBOL are  gen era ted  fo r  each ADD own code
s ta tem en t end th ey  take the  f o l l o w in g  form:
ADD op era n d -1 -rep la cem en t,  
operand-2-»replacement GIVING 
op eran d -3 -rep lacem en t•
where th e  operand rep lacem ent d e t a i l s  are  g iv en  i n  Table 27*3«
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Table 27*3 Operand replacement details for Arithmetic operations
O
Own code operand type COBOL rep lacem ent
Numeric l i t e r ' s  1 Numeric l i t e r a l
Domain or Temporary 
i tem  name
item-name IN Z-TUPLE 
where
item-name i s  th a t  s p e c i f i e d  in  th e  
u se r * s  own code s ta te m e n t .
Domain or Temporary 
item  name p re fa ced  
by *
item-name IN Z-LEVEL-n 
where
item-name i s  th a t  s p e c i f i e d  in  th e  
u s e r ’s  own code s ta tem en t
and
n i s  th e  l e v e l  number o f  the  cu r re n t  
sequence break k e y .
27 .2  SUBTRACT OWN CODE STATEMENT
O
SUBTRACT o p era n d -1 FROM operand-2 GIVING operand-3
Table 27-4  g iv e s  d e t a i l s  o f  th e  i d e n t i f i c a t i o n  o f  th e
SUBTRACT sta tem en t and th e  d e l im i t e r s  o f  the op eran d s. The
operand ty p es  p erm itted  are  shown in  Table 2 7*2 .
Three l i n e s  o f  COBOL are  g en era ted  fo r  èach SUBTRACT own code
s ta tem en t and th ey  tak e  th e  f o l lo w in g  form;
SUBTRACT op eran d -1-rep lacem en t FROM 
operan d -2 -r e p la cement GIVING 
op era n d -3 -rep la  cem ent,
The operand rep lacem ent d e t a i l s  are  g iv en  in  Table  27*3*
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SUBTRACT Must be th e  f i r s t  non-blank s u b s tr in g  o f  th e  
u s e r ’s r e sp o n se .
operand-1 S t a r t s  w ith  the f i r s t  non-blank ch a r a cter  a f t e r  
th e  f i n a l  T o f  SUBTRACT.
D e lim ited  by a blank c h a ra cter  or the F o f  FROM.
FROM Must be p r esen t  a f t e r  the f i r s t  operand but may 
be preceded by one or more blank c h a r a c t e r s .
operand-2 S t a r t s  w ith  the f i r s t  non-blank c h a r a c ter  a f t e r  
the  M o f  FROM.
D e lim ite d  by a blank c h a ra cter  or the f i r s t  G o f  
GIVING.
GIVING Must be p r esen t  a f t e r  the second operand but may 
be preceded by one or more b la n k s .
operand-3 S t a r t s  w ith  the  f i r s t  non-blank c h a ra cter  a f t e r  
the f i n a l  G o f  GIVING.
D e lim ited  by a blank c h a ra cter  or the end o f  the  
resp o n se  s t r i n g .
o
2 7 .3  MULTIPLY OWN CODE STATEMENT
MULTIPLY op eran d -1 BY operand-2 GIVING operand-3
Table 27*5 g iv e s  d e t a i l s  o f  th e  i d e n t i f i c a t i o n  o f  the
MULTIPLY sta tem en t and th e  d e l im i t e r s  o f  the op eran d s. The
operand ty p es  p erm itted  are  shown in  Table 2 7 .2 .
Three l i n e s  o f  COBOL are  gen era ted  fo r  each MULTIPLY own code
sta tem en t  and th ey  take the  f o l lo w in g  form;
multiply op eran d -1 -rep lacem en t BY 
o p e r a n d -2 -r e p la cement GIVING 
o p e r a n d -3 -r e p la cem ent.
The operand rep lacem ent d e t a i l s  a re  g iv en  in  Table 2 7 .3 .
63
O
Table 27*5 Identification of the MULTIPLY statement and delimiters
of operands
Item Comments
MULTIPLY Must be the  f i r s t  non-blank s u b s tr in g  o f  the  
u s e r ' s  r e sp o n se .
opersnd-1 S t a r t s  w ith  the f i r s t  non-blank ch a ra cter  a f t e r  
the  Y o f  MULTIPLY.
D e lim ite d  by a blank ch a ra cter  or the B o f  BY.
BY Must be p r e se n t  a f t e r  the f i r s t  operand but may 
be preceded by one or more blank c h a r a c t e r s .
operand-2 S t a r t s  w ith  the  f i r s t  non-blank c h a ra cter  a f t e r  
th e  Y o f  BY.
D e lim ite d  by a blank ch a ra cter  or the f i r s t  G o f  
GIVING.
GIVING Must be p r e se n t  a f t e r  the second operand but may 
be preceded by one or more blank c h a r a c t e r s .
operand-) S t a r t s  w ith  the  f i r s t  non-blank ch a r a cter  a f t e r  
th e  f i n a l  G o f  GIVING.
D e lim ite d  by a blank c h a ra cter  or the  end o f  the  
resp o n se  s t r i n g .
O
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27.4 DIVIDE OWN CODE STATEMENT
DIVIDE operand-1 BY operand-2 GIVING op eran d -)  
The rem ainder, i f  r e t a in e d  by the u s e r ,  i s  op eran d -4 .
O
o
Table 27*6 I d e n t i f i c a t i o n  o f  the  DIVIDE sta tem en t and d e l im i t e r s  
o f  operands
Item Comments
DIVIDE Must be the  f i r s t  non-blank s u b s tr in g  o f  th e  
u s e r ' s  r e sp o n se .
operand-1 S t a r t s  w ith  th e  f i r s t  non-blank c h a ra cter  a f t e r  
th e  E o f  DIVIDE.
D e lim ited  by a blank c h a ra cter  or the B o f  BY.
BY Must be p r e se n t  a f t e r  the f i r s t  operand but may 
be preceded by one or more blank c h a r a c t e r s .
operand-2 S t a r t s  w ith  the  f i r s t  non-blank c h a ra cter  a f t e r  
the  Y o f  BY.
D e lim ite d  by a blank ch a ra cter  or the  f i r s t  G 
o f  GIVING.
GIVING Must be p r esen t  a f t e r  the second operand but may 
be preceded by one or more blank c h a r a c t e r s .
op eran d -) S t a r t s  w ith  the f i r s t  non-blank ch a r a c ter  a f t e r  
the  f i n a l  G o f  GIVING.
D e lim ited  by a blank ch a r a c ter  or the end o f  
the  resp o n se  s t r i n g .
operand-4 This e x i s t s  o n ly  i f  the  u ser  e n te r s  a non-blank  
resp o n se  when i n v i t e d  to  save th e  rem ainder.
Table 2 7 .7  P erm itted  operand ty p es  fo r  DIVIDE
Operand Type
Numeric
l i t e r a l
(Note 1)
Domain or  
Temporary item  
name 
(Note 2)
Domain or  
Temporary item  
name p re fa ced  by * 
(Note ) )
operand-1 X X
operand-2 vX X X
op eran d -) X X X
operand-4





1 ,  The r u le s  fo r  a v a l i d  numeric l i t e r a l  are  g iv e n . in  
Table 12 .1  o f  t h i s  app en dix .
2 f  The domain or temporary item  name must have a matching
record  in  the  DOMAININDEX s u b f i l e  w ith  F ie ld  type
equal to  *N* (Appendix V S e c t io n  ? ) •
3* The domain or temporary item  name must have a m atching
record  in  th e  DOMAININDEX s u b f i l e  w ith  the  T o t a l l i n g
marker eq u a l to  *T* or 'S '#
Four or th re e  l i n e s  o f  COBOL are  gen erated  fo r  each DIVIDE
own code s ta tem en t e n tered  by the  u s e r .  Four l i n e s  are  g en era ted
i f  the u ser  o p ts  to  r e t a i n  the  rem ainder, i . e .  operand-4 i s
s p e c i f i e d ,  o th er w ise  th e  th re e  l i n e  v e r s io n  i s  g e n e ra ted .  These
s ta te m e n ts  have the  fo l lo w in g  forms;
DIVIDE op eran d -1-rep lacem en t BY 
o p e r a n d -2 -r e p la cement GIVING 
operan d -3 -r e p la cement 
REMAINDER o p e r a n d -4 -r e p la cem ent.
: or  :
DIVIDE o p e ra n d - l-rep la cem en t BY 
o p e r a n d -2 -r e p la cement GIVING 
operand»-) replacem ent#
66
2 7 . 3  MOVE OWN CODE STATEMENT
MOVE o p e r a n d - 1  TO o p e r a n d - 2
T a b l e  2 ? . 8  I d e n t i f i c a t i o n  o f  t h e  MOVE s t a t e m e n t  and  d e l i m i t e r s  
o f  o p e r a n d s
O
I t e m Comments
MOVE Must  be  t h e  f i r s t  n o n - b l a n k  s u b s t r i n g  o f  t h e  
u s e r ’ s  r e s p o n s e .
o p e r a n d -1 S t a r t s  w i t h  t h e  f i r s t  n o n - b l a n k  c h a r a c t e r  a f t e r  
t h e  E o f  MOVE.
D e l i m i t e d  by  a b l a n k  c h a r a c t e r  o r  t h e  T o f  TO.
TO M ust be  p r e s e n t  a f t e r  t h e  f i r s t  o p e r a n d  b u t  may 
be  p r e c e d e d  by  one  o r  more b l a n k  c h a r a c t e r s .
o p e r a n d - 2 S t a r t s  w i t h  t h e  f i r s t  n o n - b l a n k  c h a r a c t e r  a f t e r  
t h e  0 o f  TO.
D e l i m i t e d  by  a b l a n k  c h a r a c t e r  o r  t h e  end o f  
t h e  r e s p o n s e  s t r i n g .
T a b l e  2 7 - 9  P e r m i t t e d  o p e r a n d  t y p e s  f o r  MOVE
O
O p eran d Type
N um er ic
l i t e r a l
(N o te  1)
A l p h a n u m e r i c \  
l i t e r a l
(N o te  2 )
Domain o r  
T e m p o ra ry  i t e m  
name 
( N o te  3 )
o p e r a n d -1  
(N o te  4 )
y X X
o p e r a n d - 2 X X X
N o te s
1 . The r u l e s  f o r  a v a l i d  n u m e r i c  l i t e r a l  a r e  g i v e n  i n  
T a b l e  1 2 . 1  o f  t h i s  a p p e n d i x .
2 .  An a l p h a n u m e r i c  l i t e r a l  i s  d e l i m i t e d  by  d o u b l e  q u o t a t i o n  
mark c h a r a c t e r s  ( " ) .
3 .  The domain  o r  t e m p o r a r y  i t e m  name m u s t , h a v e  a m a t c h i n g
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record in  the  DOMAININDEX s u b f i l e  (Appendix V S e c t io n  7 ) .  
4# Operand-1 must be o f  the same ty p e ,  i . e .  numeric or
s lp h a n u m er ic , a s  operand—2 . When an operand i s  a domain 
or temporary item  i t s  type i s  in d ic a t e d  i n  i t s  
DOMAININDEX s u b f i l e  r e c o r d .
Two l i n e s  o f  COBOL are  gen era ted  fo r  each MOVE own code
s ta tem en t  en tered  by the  u ser  and th ey  take th e  f o l lo w in g  form:
MOVE operan d -1-rep lacem en t  
TO o p e r q n d -2 -r e p la cem ent.
where tl^e operand rep lacem ent d e t a i l s  are  g iv en  in  Table 2 7 .1 0 .
Table 2 7 .1 0  Operand rep lacem ent d e t a i l s  fo r  MOVE o p e r a t io n s
O
Own code operand type
Numeric l i t e r a l
Alphaniuneric l i t e r a l
Domain or Temporary 
item  name
COBOL rep lacem ent
Numeric l i t e r a l
Alphanumeric l i t e r a l
item-name IN Z-TUPLE 
where
item-name i s  th a t  s p e c i f i e d  in . th e  
u s e r ’s own code s ta te m e n t .
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28. CONSTANTS MACRO
T^e stalfem ents gen era ted  fo r  th e  CONSTANTS macro have the  
f o l lo w in g  form:
%DEF CONSTANTS 
% RESET ^ 0 5
% DEP0SIT5 • • • • • • •  • • •
% ;^NREL = ...
% XKINKEY s . .  .






Only p r e se n t  i f  g lo b a l  v a r ia b le  
ji^MOP i s  equal to  *Y*.
E n tr ie s  fo r  a l l  the  g lo b a l  
v a r ia b le s  shown in  Table 28 .1
O Table 2 8 .1  S tr in g  and g lo b a l  v a r ia b le s  in  the  CONSTANTS macro
O ■
V a ria b le
name
Stage in  
which
f i r s t  used




;^ 0 5 6 C Message fo r  f i l e  mismatch  
c o n d i t io n .  Only p r e se n t  
i f  ^MOP i s  equal to  »Y*.
;^NREL 2 B No. o f  r e l a t i o n s  ( f i l e s )  
used .
;^NKEY 3 B No. o f  sequence k e y s .
;^TOT 4 B T o t a l l in g  in d ic a t o r  
1 = t o t a l s  req u ired  
0 = no t o t a l s  r eq u ir ed
: /
/GDMCT 3 B No. o f  domains in  
DOMAININDEX s u b f i l e .
;^MOP 6 C Message o p t io n  in d ic a t o r  
Y = message req u ired  
N or blank = no m essage
;fGWDTH 8 C Page w idth in d ic a t o r  
N = narrow page 
W = wide page
;^MXLN 8 B Maximum n o . o f  l i n e s  on 
a page.
^ T IT L 12 B 1 = T i t l e  page p r e se n t  





V ar iab le
name
Stage in  
which  
f i r s t  used




;^PAGE 13 B 1 = Page heading p r e se n t  
0 = Page heading  a b se n t
#3HEAD 14 B 1 = Sequence break  
head in gs  p r e se n t  
0 = Sequence break  
head in gs  a b sen t
;ft5SUBT 15 B 1 = Sequence break
s u b t o t a l s  p r e se n t  
0 = Sequence break  
s u b t o t a l s  a b sen t
y^ GTOTL 16 B 1 = T o ta ls  output  
req u ired  
0 = T o ta ls  output  
n o t  req u ired
2 9 .  HELP MACRO
O
The p r o c e s s in g  w ith in  the HELP macro c o n s i s t s  o f  th e  s t e p s  
o u t l in e d  b e low . The f i r s t  s ta tem en t  o f  each s t e p  has been  
h ig h l ig h t e d  on th e  macro l i s t i n g  (Item  28 in  th e  s ep a ra te  f o l d e r ) .
1 ,  Clean up th e  output s ta c k  by emptying any s ta te m e n ts  i t  
may co n ta in  onto th e  WORK s u b f i l e  which a c t s  a s  a ’sink* ( c . f  
S e c t io n  7 .1 7  o f  main t e x t ) .
2# T est th e  v a lu e  o f  the check p o in t  g lo b a l  v a r ia b le  ;^CKPT 
to  s e e  how many o p t io n s  shou ld  be o f f e r e d  to  th e  u s e r .  O p tio n s  1 
to  3 ore  a lw ays o f f e r e d ,  but o p t io n  4 ( t r i a l  e d i t i n g )  i s  o f f e r e d  
o n ly  a f t e r  Stage  9 o f  th e  problem s p e c i f y in g  d ia lo g u e  has been  
reached^
3<i Output on the  u s e r ’s  te r m in a l the t e x t  from th e  DIALHELP 
s u b f i l e  which l i s t s  th e  o p t io n s  a v a i l a b l e .
4 .  I n v i t e  th e  u se r  to  s e l e c t  an o p t io n .
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5* Read and v a l id a t e  the u s e r ’s  r e sp o n se .  This must be an 
i n t e g e r  in  th e  range 1 to  3 i f  ;^CKPT was l e s s  than 9» o th er w ise  
i t  may be in  the  range 1 to  4# The d e fa u l t  réponse  o p t io n  i s  1 .
I f  the  resp on se  i s  i n v a l i d  an erro r  message i s  output on th e  u s e r ’s  
term in a l and the s t e p  i s  r e p e a te d .
6 .  Depending on th e  o p t io n  v a lu e ,  p r o c e s s in g  c o n t in u e s  a t  
s t e p  7 » 8 , 13 or I 3 .
7# Option 1 . The ’Run abandoned* message i s  output on the  
u s e r * s  term in a l to g e th e r  w ith  an in s t r u c t i o n  to  typ e  a ^FINISH 
r e s p o n se .  The ÇéFINISH resp on se  e f f e c t s  an e x i t  from the PG/2 
macro p ro c esso r  sy stem .
8 .  Option 2 .  A l i s t  o f  th e  s t a g e s  a t  which the  u se r  may 
r e s t a r t  p r o c e s s in g  i s  ou tp u t on h i s  term in a l from th e  DIALHELP 
t e x t  s u b f i l e .  The v a lu e  o f  the  ;^CKPT check p o in t  v a r ia b le  i s  
u sed  to  determ ine th e  t e x t  l i n e s  p r in te d  and c o n seq u e n t ly  th e  
s t a g e s  in c lu d e d  in  th e  o p t io n  l i s t #
9 . I n v i t e  th e  u se r  to  e n te r  th e  number o f  th e  s ta g e  a t  
which he w ish es  to  resume p r o c e s s in g .
1Q. Read and v a l id a t e  th e  u se r * s  r e s p o n se .  The re sp o n se  
must c o n s i s t  q f  1 or 2 d i g i t  c h a r a c te r s  which, when co n v er ted  to  
( 2 )  b in a r y ,  have a v a lu e  in  the  range 1 to  ;^CKPT. I f  th e  re sp o n se  i s
i n v a l i d  an error  message i s  output on the  u s e r * s  term in a l and th e  
s t e p  i s  r e p e a te d .  The r e s t a r t  s ta g e  number i s  s to r e d  in  l o c a l  
v a r ia b le  .
11 . The check p o in t  g lo b a l  v a r ia b le  ;^CKPT i s  s e t  eq u a l  
to  1 l e s s  than th e  r e s t a r t  s ta g e  number. T his  en su res  th a t  th e  
r e s t a r t  s ta g e  macro i s  en tered  n orm ally , i . e .  i t  appears to  have  
been en tered  from th e  p r e v io u s  s t a g e .
12 . Chain to  th e  macro fo r  th e  s e l e c t e d  r e s t a r t  s t a g e .
When t h i s  macro i s  n o t  on th e  same mai n f i l e  a s  th e  HELP macro i t  
I s  n e c e s s a r y  to  e x ec u te  a MAINFILE macro-tim e s ta tem en t  to  s e t
oo
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the appropriate mainfile prior to chaining to the selected macro.
13 . Option 3# The t e x t  from th e  MODEL s u b f i l e  w ith  th e  
s u f f i x  yalu e  equal to  i^CKPT i s  output on th e  u s e r ' s  te r m in a l .
I f  ;^CKPT i s  equal to  17 (Sample page s ta g e )  then  a s p e c i a l  
r o u t in e  i s  used fo r  o u t p u t t in g  th e  t e x t .  T his  r o u t in e  c o n ta in s  
m acro-tlm e s ta te m e n ts  which r e p la c e  th e  g r e a te r  than (^) c h a r a c te r  
a t  th e  b eg in n in g  o f  any t e x t  record  by a blank ch a r a c ter  p r io r
to  i t s  ou tp u t on th e  u s e r ' s  te r m in a l .  These g r e a te r  than c h a r a c te r s  
were i n s e r t e d  in  o th e r w ise  blank reco rd s  to overcome th e  d i f f i c u l t y  
o f  r ea d in g  a l l  blank r eco rd s  w ith  th e  FREAD m acro-tim e s ta te m e n t  
(S e c t io n  9 .2  o f  Appendix V ).
14 . S e t  the  r e s t a r t  s ta g e  number s to r e d  in  l o c a l  v a r ia b le  
^ V 1  eq u a l to  ;^CKPT and co n tin u e  p r o c e s s in g  a t  s t e p  11 a b o v e .
15.  Option 4 .  Chain to  th e  STAGE9 macro which c a r r i e s  out  
th e  d ia lo g u e  fo r  exp er im en tin g  w ith  th e  e d i t  f a c i l i t i e s .
30 .  SUMMARY OF SUBFILE USAGE AND INITIALISATION
Table 3 0 .1  summarises the  names and ty p es  o f  s u b f i l e  used  
by the  COBOL rep o r t  program g e n e r a t in g  system  and shows t h e i r  
arrangement on PG/2 macro p r o c esso r  mai n f i l e s .
A WORK s u b f i l e  i s  in c lu d e d  in  each mai n f i l e  where i t  i s  used  
a s  th e  ou tp u t s u b f i l e  when macro and t e x t  s u b f i l e s  are  e d i t e d  
during  development (Appendix I S e c t i o n i ) .  The WORK s u b f i l e  
c o n ta in in g  th e  amended macro d e f i n i t i o n  or t e x t  i s  then  co p ie d  
back in t o  th e  o r i g i n a l  s u b f i l e .  The WORK s u b f i l e  i s  a l s o  a v a i l a b l e  
fo r  u se  a s  a * s i n k ' by th e  HELP end rep o r t  format s p e c i f i c a t i o n  
m acros.
Some o f  th e  common data and 'grown* macro d e f i n i t i o n  s u b f i l e s  
r e q u ir e  i n i t i a l i s a t i o n  p r io r  to  th e  ex ec u t io n  o f  th e  f i r s t  s t a g e  
o f  th e  problem s p e c i f y i n g  d ia lo g u e .  The i n i t i a l i s a t i o n  i s  
a c h ie v e^  by uq ing  a p r e s e t  in p u t  f i l e  c o n ta in in g  th e  n e c e s s a r y
oo
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PG/2 mBçro p r o cesso r  commands which a l s o  c o n ta in s  the  commands 
which lo a d  and c a l l  the  STAGE1 macro* Further in p u t  i s  o b ta in ed  
from th e  u s e r a s  te r m in a l  in  resp on se  to  the  d ia lo g u e  prom pts.  
D e t a i l s  o f  thq s u b f i l e s  which r e q u ir e  I n i t i a l i s a t i o n  are  g iv e n  in  
T ables  30*2 and 30*3«
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Table 30.1 Subfile organisation
O
O
Mai n f i l e  
naipe
GWAC132-DATA GWACI32-DATI GWAC132-DAT2 GWAC132- DAT3
S u b f i l e  Type S u b f i l e  Type S u b f i le Type S u b f i l e Type
1 CREATE M CONCAT M STAGE14 M STAGEI5 M
2 MESSAGES T TEMPITEM M DIAL14 T DIALI5 T
3 PASSCHANGE M STAGE6 M SBHREC1 M STLREC1 M
4 LIBRARIAN M DIAL6 T SBHREC2 M STLREC2 M
5 LIBPRELIM M STAGE7 M SBHREC3 M STLREC2 M
6 LIBADD M DIAL7 T SBHREC4 M STLREC4 M
7 LIBDELETE M SELCOND M SBHREC3 M STLREC5 M
8 CATALOGUE C STAGES M SBHREC6 M STLREC6 M
9 STAGE1 M DIALS T SBHREC7 M STLREC7 M
10 DIAL1 T LABELTABLE C SBHRECS M STLRECS M
11 STAGE2 M STAGE9 M SBHPARA1 M STLPARA1 M
12 DIAL2 T DIAL9 T SBHPARA2 M STLPARA2 . M
13 ^ RELATIONDICT C STAGE10 M SBHPARA3 M STLPARA3 M
14 STAGE3 M DIAL10 T SBHPARA4 M STLPARA4 M
13 DIAL3 T DETAILREC M SBHPARA5 M STLPARA5 M
16 DOMiVINDICT C WRITEPARA M SBHPARA6 ■ M STLPARA6 M
17 KEYDICT C PAGEDETAIL C SBHPARA7 M STLPARA7 M
18 SUBMODEL C STAGE11 M sbhparaS M STLPARAS M
19 STAGE3-1 M DIAL11 T PAGESBH1 C PAGESTL1 C
20 STAGE4 M STAGE12 M PAGESBH2 C PAGEST12 C
21 DIAL4 T DIAL12 T PAGESBH3 c PAGESTL3 C
22 DOMAINLIST C TITLEREC M PAGESBH4 c PAGESTL4 C
23 STAGE3 M TITLEPARA M PAGESBH3 c PAGESTL3 c
24 DIAL5 T PAGETITLE C PAGESBH6 c PAGESTL6 c
23 DOMAININDEX C STAGEI3 M PAGESBH7 c PAGESTL7 c
26 STAGE3-1 M DIALI3 T pagesbhS c PAGESTLS c
27 STAGE3-2 M PHEADREC M WORK s WORK S
28 HELP M PHEADPARA M
29 DIALHELP T PAGEHEAD C
30 WORK S WORK s





Mai n f i l e  
name
GWAC132-DAT4 GWAC132- DAT5 GWACI32-"MODL
S u b f i l e  Type S u b f i l e Type S u b f i l e Type
1 STAGE16 M OWNRETR M M0DEL1 T
2 DIAL16 T OWNTITL M M0DEL2 T
3 TOTLREC M 0WNSBK1 M M0DEL3 T
4 TOTLPARA M 0WNSBK2 M M0DEL4 T
5 PAGETOTL C 0WNSBK3 M M0DEL5 T
6 STAGE17 M 0WNSBK4 M M0DEL6 T
7 DIAL17 T 0WNSBK5 M M0DEL7 T
8 STAGE17-1 M 0WNSBK6 M MODELS T
9 STAGE17-2 M 0WNSBK7 M M0DEL9 T
10 STAGE17-3 M 0WNSBK8 M M0DEL10 T
11 STAGE17-4 M OWNPAGE M MODEL11 T
12 STAGE17-5 M 0WNSBH1 M M0DEL12 T
13 STAGE18 M 0WNSBH2 M MODELI3 T
14 DIALS T 0WNSBH3 M MO DELI 4 T
15 C0MI4ENTS T 0WNSBH4 M MODELI5 T
16 CONSTANTS T 0WNSBH5 M MODELI6 T
17 COBOLPROG T omsBH6 M MODELI7 T
18 TUPLE M 0WNSBH7 M MODELlS T
19 PICTUREDICT C 0WNSBH8 M WORK S
20 OWNSTART M 0WNSTL1 M
21 WORK S 0WNSTL2 M
22 0WNSTL3 M
23 0WNSTL4 M ■ '







C s  Common d a t a , M = Macro d e f i n i t i o n ,  T = T ex t ,  S = 'S ink
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Table 30.2 Initialisation of 'grown* macro definition subfiles
O
o
'Grown' macrps r e q u ir in g  i n i t i a l i s a t i o n I n i t i a l  c o n te n ts
TITLEPARA STLPARA4 0WNSBK6 Empty macro d e f i n i t i o n
TITLEREC STLPARA5 0WNSBK7 c o n s i s t i n g  o f  th e
PHEADPARA STLPARA6 0WNSBK8 f o l lo w in g  two
PHEADREC STLPARA7 OWNPAGE s ta te m e n ts :
SBHPARA1 STLPARA8 0WNSBH1
SBHPARA2 STLREC1 0WNSBH2 ^DEF macro-name
SBHPARA5 STLREC2 0WNSBH3 96END
SBHPARA4 STLREC3 0WNSBH4
SBHPARA5 STLREC4 . 0WNSBH5 where macro-name
SBHPARAS STLREC5 0WNSBH6 i s  th e  name o f  th e
SBHPARA7 STLREC6 0WNSBH7 s u b f i l e .










STLPARA2 0WNSBK4 OWNTOTL ,
STLPARA3 0WNSBK5
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s u b f i l e  name
Stage  f i r s t  
used








PAGEHEAD 13 A l l  s u b f i l e s  have one
PAGESBH1 14 reco rd  which c o n ta in s
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oAPPENDIX VIII  
COBOL REPORT PROGRAM GEI^ERATION DETAILS
The t e x t  in  t h i s  appendix d e s c r ib e s  the g e n e ra t io n  o f  a COBOL 
r ep o r t  program in  the g e n e ra l  ca se  where the data i s  on more than  
one in p u t  f i l e  and i s  sequenced on more than one k e y .  The 
d e s c r ip t io n  i s  p re se n ted  in  program l i s t i n g  order:
1 . S t e e r in g  l i n e s
2 .  I d e n t i f i c a t i o n  d i v i s i o n  
3* Environment d i v i s i o n
4 .  Data d i v i s i o n  p r e l im in a r ie s  
5* F i l e  s e c t i o n
6 .  W orking-storage s e c t io n  l e v e l  77 e n t r i e s  
. 7* Group d e s c r ip t io n  e n t r i e s
8 .  Procedure d i v i s i o n  e n t r i e s
9 .  Z-INITIAL s e c t i o n ,  paragraph Z-PARA-1
10 . Paragraph Z-PARA-2
11. Z-INITIAL s e c t i o n ,  paragraph Z-PARA-3
12. Paragraph Z-PARA-4
13» P&ragraph Z-PARA-5
14 . Z-FINAL s e c t i o n ,  paragraph Z-PARA-FINAL 
O  15 . Paragraph Z-CLOSE-DOWN
16. Z-OTHER-PROCEDURES s e c t io n
17 . Paragraph Z-PARA-ADD
18 . Paragraph Z-PARA-WRITE
X 19 . Paragraphs Z-END-PAGE-COUNTS and Z-START-LINE
2 0 . Paragraphs Z-HEADi and Z-HEADi-EXIT
2 1 . Paragraphs Z-TOTALi
2 2 . Paragraph Z-PARA-TITLE
23" Paragraph Z-PARA-PAGE
2 4 . Paragraph Z-HEADi-WRITE
25 . Paragraphs Z-TOTALi-WRITE
oo
2 6 . Paragraph Z-TOTALO-WRITE -
27 . Z-READ-i s e c t i o n  -
28 . Z-SEQUENCE-BREAK s e c t io n
29 . Z-FETCH-TUPLE s e c t io n
30 . Paragraph Z-END-OF-DATA-TEST
31 . Paragraph Z-SET-TUPLE-KEY
32 . Paragraph Z-SET-TUPLE-DATA-1 
33# Paragraph Z-OPTION-i
34 . End o f  program
oo
1 .  STEERING LINES
The S t e r in g  l i n e s  are in p u t  parameters fo r  th e  COBOL com piler
which s p e c i f y  the o p t io n s  r e q u ir e d .  They are independent o f  the
u s e r ' s  program s ta te m e n ts  and form a sep a ra te  in p u t  f i l e .  For the
i n s t a l l a t i o n  where the p r a c t i c a l  work was d eveloped  i t  was










The above code i s  e a s i l y  v a r ied  to s u i t  o th er  c ir c u m sta n c e s .
2 .  IDENTIFICATION DIVISION
The f o l lo w in g  s ta te m e n ts  a re  gen erated  fo r  t h i s  d i v i s i o n :
IDENTIFICATION DIVISION.
PROGRAM-ID. C0BL01.
DATE-WRITTEN, t o d a y ' s - d a t e .
where t o d a y 's - d a t e  i s  the  v a lu e  in  system  g lo b a l  var iab le ; ^CDT
which i s  s e t  by th e  DATE m acro-tim e s ta te m e n t .
3 .  ENVIRONMENT DIVISION
The g e n era l  form o f  the  s ta te m e n ts  gen era ted  fo r  t h i s




' PBJECT-COMPUTER. ICL-I907 MEMORY SIZE I 9OOO WORDS. 
SPECIALrNAMES.
PRINTER IS TEST-PRINTER
♦DATE IS Z-DATE *TIME IS Z-TIME.
INPUT-OUTPUT SECTION.
FILE-CONTROL. SELECT Z-REPORT-FILE ASSIGN TO PRINTER 1 .  
SELECT Z-FILE-1 ASSIGN TO hardware-name in te g e r *
■ ! ! : . :
SELECT Z-FILE-n ASSIGN TO hardware-name i n t e g e r .
The sou rce  end o b j e c t  computer s ta tem en ts  are  t a i l o r e d  to  th e  
i n s t a l l a t i o n  where the  p r a c t i c a l  work was d ev e lo p ed . The memory 
s i z e  was s e t  to be the maximum p erm itted  fo r  running programs 
o n - l in e ;  la r g e r  programs had to  be run in  batch  mode. The above  
code i s  e a s i l y  v a r ied  to s u i t  a d i f f e r e n t  environm ent.
In the  SPECIAL-NAMES paragraph the t e s t - p r i n t e r  s ta tem en t  i s  
o n ly  generated  i f  the  u ser  opted  to have a message d isp la y e d  when 
a mis-m atch f i l e  c o n d i t io n  i s  d e t e c t e d ,  i . e .  g lo b a l  v a r ia b le  ;^MOP 
i s  equal to 'Y' (Appendix VII S e c t io n  1 4 ) .  The *DATE and ♦TIME 
s ta te m e n ts  are  a n e c e s s a r y  p r e l im in a ry  which en a b le s  Procedure  
d i v i s i o n  s ta te m e n ts  to  a c c e s s  the date  and time v a lu e s  in  the  
CD o p e r a t in g  system  e x e c u t iv e  a t  program ex ec u t io n  t im e .
/ The in p u t  f i l e s  are  th o se  d escr ib e d  in  the SUBMODEL s u b f i l e
(S e c t io n  7»10 o f  main t e x t )  and, fo r  the  purpose o f  program
, - .
g e n e r a t io n , . are  named in  th e  order in  which th ey  occur a s  Z-FILE-1, 
Z-FILEf2, e tc  up to  Z-FILE-n, where n i s  the  v a lu e  in  g lo b a l  
v a r ia b le  ;^NREL. The hardware-name fo r  each f i l e  i s  d er iv ed  from 
th e  F i l e  medium f i e l d  in  each Type 3 F i l e  name record  in  th e  
SUBMODEL s u b f i l e .  The f o l l o w in g  shows the d e r iv a t io n ;
O
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The in t e g e r  va lu e  i s  a s s o c ia t e d  w ith  the  hardware-name. I t  s t a r t s
w ith  1 and i s  increm ented by 1 fo r  each f i l e  w ith  th e  same .
hardware-name.
4 .  DATA DIVISION PRELIMINARIES
The name o f  each in p u t  data item  occu rs  in  a t  l e a s t  th r e e  
group item s w ith in  th e  Data d iv i s i o n ;  the  record  d e s c r ip t io n  in  the  
F i l e  s e c t i o n  and the  TUPLE and TUPLE-N groups in  th e  Working-
oo
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s to r a g e  s e c t i o n .  Although in  the case  o f  numeric data item s the  
USAGE c la u s e  w i l l  d i f f e r ,  the  PICTURE c la u se  w i l l  be the  same. I t  
i s  th e r e f o r e  co n v en ien t  to record  in  the PICTUREDICT s u b f i l e  a 
d ic t io n a r y  o f  data item  names and t h e i r  corresp on d in g  PICTURE. The 
format o f  th e  PICTUREDICT s u b f i l e  i s  d escr ib ed  in  ta b u la r  form in  
S e c t io n  10 o f  Appendix V.
The data from which the  PICTURE i s  d e r iv e d ,  i . e .  l e n g t h ,  
type and decim al p o in t  l o c a t i o n ,  i s  lo c a te d  in  the f i e l d s  o f  the  
DOMAININDEX s u b f i l e  r ec o r d s  (Appendix V S e c t io n  7)* The 
DOMAININDEX s u b f i l e  i s  read record  by reco rd , the req u ired  data  
e x tr a c te d  end the PICTURE s t r i n g  g en era ted . The corresp on d in g  
PICTUREDICT s q b f i l e  record  may then be i n s e r t e d .  DOMAININDEX 
c o n ta in s  - d e t a i l s  o f  u ser  cre a te d  temporary item s  a s  w e l l  a s  th o se  
from the in p u t f i l e s .  For the temporary data item s  empty p ic t u r e  
s t r i n g s  are  in s e r t e d  in  the corresp on d in g  PICTUREDICT s u b f i l e  
r e c o r d .  This en su res  a one to  one correspondence between th e  
r eco rd s  o f  the DOMAININDEX and PICTUREDICT s u b f i l e s .  .
During the p ass  through the record s  o f  the  DOMAININDEX 
s u b f i l e ,  the  s ta te m e n ts  fo r  th e  TUPLE and SAVETOTL macro 
d e f i n i t i o n s  are  a l s o  gen era ted  and f i l e d  as  th ey  too  are  d e r iv ed  
from the same d a ta .  These macros are  c a l l e d  du rin g  the g e n e r a t io n  
o f  the  W orking-storage s e c t i o n  (S e c t io n  7 o f  t h i s  a p p en d ix ) .
The body o f  the  TUPLE macro c o n t a in s . t h e  data d e s c r ip t io n
sta te m e n ts  fo r  a l l  in p u t  f i l e  item s req u ired  to  s o lv e  the  u s e r ' s
problem. The macro has the f o l lo w in g  form:
%DEF TUPLE
%  LABELOFF
02 da t a -name PICTURE p i c t u r e - s t r i n g  USAGE COMPUTATIONAL.





The USAGE COMPUTATIONAL c la u s e  i s  p r e sen t  o n ly  in  numeric data  
d e s c r ip t io n s .
oo
The body o f  the  SAVETOTL macro c o n ta in s  data d e s c r ip t io n  
s ta te m e n ts  fo r  a l l  t o t a l l i n g  i t e m s ,  both in p u t and temporary* The 
g e n e r a l  form o f  the SAVETOTL macro i s  a s  f o l lo w s :
%DEF SAVETOTL 
' % LABELOFF
03 data-name PICTURE p i c t u r e - s t r i n g  
VALUE 0 USAGE COMPUTATIONAL*
» » — — —
% LABELON
96END
The numeric item  p i c t u r e - s t r i n g s  for  u se  in  the  PICTUREDICT 
s u b f i l e  and TUPLE macro are  gen era ted  u s in g  l o g i c  s im i la r  to  th a t  
shown in  F igure 12*2 o f  Appendix VII* The p i c t u r e - s t r i n g  used fo r  
a t o t a l l i n g  item  in  th e  SAVETOTL s u b f i l e  i s  s i m i l a r l y  g e n e ra ted ,  
but th e  f i e l d  le n g th  i s  a lw ays taken to  be I 8 . T his  i s  the  maximum
s i z e  p erm itted  by ICL COBOL fo r  i tem s  used in  c a lc u la t io n s *  The
\
p i c t u r e - s t r i n g  used fo r  alphanumeric data item s in  both th e  
PICTUREDICT s u b f i l e  and the  TUPLE macro i s  a lw ays X (n ) , where n i s  
the  le n g th  o f  the  f i e l d  a s  co n ta in ed  in  the DOMAININDEX reco rd  fo r  
th e  item*
Figure 4*1 summarises the i d e n t i f i c a t i o n  and p r o c e s s in g  fo r  
th e  v a r io u s  data item  ty p es  d e scr ib e d  in  the DOMAININDEX s u b f i l e *
Figure 4 .1  I d e n t i f i c a t i o n  and p r o c e s s in g  o f  data item s
DOMAININDEX 
s u b f i l e  record  
T o t a l l in g  marker
PICTUREDICT 








d e s c r ip t io n  
genera ted
blank y " y X
T v / y y
E empty s t r i n g X Xused




The F i l e  s e c t i o n ,  the  f i r s t  o f  the Date d i v i s i o n ,  c o n ta in s  
the f i l e  and record  d e s c r ip t io n  s ta tem en ts  fo r  a l l  the f i l e s  used  
by the  program# The s ta te m e n ts  gen erated  to  i d e n t i f y  the d i v i s i o n  
and s e c t i o n  and th o se  fo r  the output rep o rt  f i l e  are generated  
w ith ou t r e fe r e n c e  to  any common data s u b f i l e s .  However, in  order  
to  gen era te  the s ta te m e n ts  fo r  the  in p u t f i l e  d e s c r ip t io n s  use  
must be made o f  the  data in  the  SUBMODEL and PICTUREDICT s u b f i l e s .
The f i r s t  s i x  s ta te m e n ts  gen era ted  fo r  th e  Data d i v i s i o n  are  




LABEL RECORDS OMITTED 
DATA RECORD IS Z-OUTREC.
01 Z-OUTREC PICTURE X (n ) .  '
where n i s  the page w idth in  terms o f  the number o f  c h a r a c te r s
which can be accom odated. I f  g lo b a l  v a r ia b le  ;^WDTH i s  eq u a l to
♦N* or blank then n has th e  v a lu e  ?0 , o th erw ise  n has the  v a lu e
120 .
The in p u t f i l e s  have a lr e a d y  been d e s ig n a te d  Z-FILE-1,
Z-FILE-2, e tc  in  the  order  in  which t h e i r  d e t a i l s  are  record ed  in
th e  SUBMODEL s u b f i l e  ( S e c t io n  3 o f  t h i s  a p p en d ix ) .  The f o l l o w i n g
shows the form o f  the  s ta te m e n ts  for each o f  th e s e  in p u t f i l e
d e s c r ip t io n s :
FD Z-FILE-i
BLOCK CONTAINS b l o c k - s i z e  CHARACTERS
RECORD CONTAINS r e c o r d - s i z e  CHARACTERS
LABEL RECORD STANDARD VALUE OF ID " f i l e - l a b e l "
DATA RECORD IS Z-INRECi,
where
i  i s  the  i t h  f i l e  d e scr ib e d  in  the SUBMODEL common data f i l e  
and
b l o c k - s i z e ,  r e c o r d - s i z e  and f i l e - l a b e l  are  a s  in  th e  2nd, 3rd and
4 th  f i e l d s  o f  th e  i t h  F i l e  name record  type 3 o f  th e  SUBMODEL 
s u b f i l e .
oo
For c h a ra cter  p e r ip h e r a l s ,  i . e .  card read ers  and paper tape  
r e a d e r s ,  th e  LABEL RECORDS OMITTED c la u se  r e p la c e s  th a t  shown 
above .
The f i l e  d e s c r ip t io n  e n t r i e s  fo r  each u ser  f i l e  are generated  
a t  th ree  l e v e l s  u s in g  the  data in  both the SUBMODEL and PICTUREDICT 
s u b f i l e s .  The 01 l e v e l  i s  the  record  name a s  p r e v io u s ly  d e s ig n a te d  
i n  the  FD s ta te m e n t ,  i . e
01 Z-INRECi. 
where i  i s  th e  i t h  data f i l e  d e scr ib e d  in  SUBMODEL.
For each in p u t  f i l e  d e scr ib ed  in  SUBMODEL o n ly  th o se  f i e l d ­
names which have a matching record  in  the PICTUREDICT s u b f i l e  
(S e c t io n  4 o f  t h i s  appendix) have a l e v e l  03 data d e s c r ip t io n  
g e n e ra ted .  This ta k es  th e  form:
03 f ie ld -n a m e  PICTURE p i c t u r e - s t r i n g .
A b in ary  search  o f  the PICTUREDICT s u b f i l e  i s  made to determ ine i f  
a m atching f ie ld -n a m e  record  e x i s t s .  I f  s o ,  th e  p i c t u r e - s t r i n g  
i s  e x tr a c te d  from th e  PICTUREDICT record  and used to  g en era te  the  
above COBOL s ta te m e n t .
In a d d it io n  to the  f i e l d  d e s c r ip t io n  s ta te m e n ts  l e v e l  03 
FILLER s ta te m e n ts  are  gen era ted  when one o f  the f o l lo w in g  c o n d i t io n s  
o ccu rs :
1 . The f i r s t  f i e l d  in  th e  d e s c r ip t io n  does not s t a r t  in  the  
f i r s t  p o s i t io n  o f  the  rec o r d .
• 2 .  Two s u c c e s s iv e  f i e l d s  are  not c o n t ig u o u s .
3 .  The l a s t  f i e l d  o f  th e  d e c r ip t io n  does not end in  th e  
l a s t  p o s i t i o n  o f  the  r e c o r d .
The s t a r t  p o s i t i o n ,  le n g th  o f  f i e l d  and the record  s i z e  d e t a i l s  
from the  SUBMODEL F i l e  and F ie ld  d e s c r ip t io n  rec o r d s  are  used  to  
i d e n t i f y  the above c o n d i t io n s .  The FILLER s ta te m e n ts  g en era ted  
have tbe f o l lo w in g  form:
03 FILLER PICTURE X( n) ,
oo
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where n i s  the number o f  c h a ra c ter  p o s i t io n s  between f i e l d s .
The l e v e l  02 record  d e s c r ip t io n  s ta tem en ts  are  n e c e s s a r y  to  
cope w ith  the c a s e s  where SUBMODEL f i e l d  d e s c r ip t io n s  are  not  
en tered  in  s t a r t  p o s i t i o n  order or when f i e l d s  o v e r la p .  The f i r s t  
l e v e l  p2 s ta tem en t fo r  a record  d e s c r ip t io n  i s  a s  fo l lo w s :
02 Z-IN-RECi-1.
where jL i s  the i t h  f i l e  d e scr ib ed  in  SUBMODEL. ■ Subsequent l e v e l  
02 s ta te m e n ts  are  gen era ted  when e i t h e r  o f  the  c o n d i t io n s  mentioned  
above pccu rs  and ta k es  th e  form:
02 Z-IN-RECi-k,REDEFINES Z-IN-RECi-j. ' 
where k = j#+ 1 and Z-IN-RECi-j i s  the name o f  th e  p r e v io u s  l e v e l  
02 s ta te m e n t .




03 FILLER PICTURE . . . .
03 data-name-1 PICTURE . . . .
03 data-nam e-2 PICTURE . . . .
03 FILLER PICTURE . . . .
' 02 Z-IN-REC1-2 REDEFINES Z-IN-RECI-1.
03 FILLER PICTURE . . . .
03 da t a -name-3 PICTURE . . . .
03 FILLER PICTURE . . . .
03 da t a -name-4 PICTURE . . . .
03 FILLER PICTURE . . . .
6 .  WORKING-STORAGE SECTION LEVEL 77 ENTRIES
The f o l lo w in g  s ta te m e n ts ,  which d e f in e  the  s e c t i o n  and 
v a r io u s  n o n -co n tig u o u s  data item s req u ired  by the  Procedure d i v i s i o n  
o f  the  program, are  g e n e ra ted .  The use o f  each v a r ia b le  i s  
o u t l in e d  in  F igure  6 .1
ow o RKING-8 TORAGE SECTION.
77 Z-EOF-1 PICTURE 9 VALUE 0 USAGE COMPUTATIONAL. 
77 Z-EOF-2 PICTURE 9 VALUE 0 USAGE COMPUTATIONAL.
77 Z-EOF-n PICTURE 9 VALUE 0 USAGE COMPUTATIONAL.
77 Z-EOF-COUNT PICTURE 9 VALUE 0 USAGE COMPUTATIONAL.
77 Z PICTURE 9 USAGE COMPUTATIONAL.
77 Z1 PICTURE 9 USAGE COMPUTATIONAL.
77 Z-LIN E-COUNT PICTURE 99 VALUE 0 USAGE COMPUTATIONAL.
77 Z-PAGE-SWITCH PICTURE 9 VALUE 0 USAGE COMPUTATIONAL.
77 Z-ADV-LINES PICTURE 99 VALUE 0 USAGE COMPUTATIONAL.
77 Z-IGNORE PICTURE 9 VALUE 0 USAGE COMPUTATIONAL.
77 Z-HAX-LINES PICTURE 99 VALUE 1 USAGE COMPUTATIONAL.
w here
n , i s  e q u a l  t o  t h e  number . .o f  i n p u t  f i l e s  a s  c o n t a i n e d  i n  g l o b a l  
v a r i a b l e  t^ NREL
an d
1 i s  t h e  maximum number  o f  l i n e s  p e r  r e p o r t  p a g e  a s  s p e c i f i e d
i n  g l o b a l  v a r i a b l e  ;^MXLK,
O
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d a ta -name





End o f  f i l e  i n d i c a t o r s :  one f o r  each  in p u t  
f i l e .
' ■ - -
Z-EOF-COUNT End o f  f i l e  c o u n te r ;  u sed  to  d e term in e  i f  




Used a s  s u b s c r i p t s  in  th e  c a l c u l a t i o n s  
w hich d eterm in e  th e  l a s t  l i n e  on which  
any seq u en ce  break h e a d in g  or  d e t a i l  p r i n t  
group may s t a r t .
Z-LINE-COUNT L in e  cou nt v a r i a b l e .
Z-PAGE-SWITCH Program s w i t c h  u sed  to  i n d i c a t e  th a t  a 
page h e a d in g  and seq u en ce  break h e a d in g s ,  i f  
r e q u ir e d ,  have j u s t  been o u t p u t .
Z-ADV-LINES V a r ia b le  u sed  f o r  th e  ADVANCING o p t io n  o f  
th e  f i r s t  WRITE s ta te m e n t  o f  c e r t a i n  p r i n t  
g r o u p s .  I t  i s  u sed  to  c a r r y  forw ard th e  
cou n t o f  b lank  l i n e s  a f t e r  th e  l a s t  
n o n -b la n k  l i n e  o f  th e  p r e v io u s  p r in t  gro u p .
Z-IGNORE Used a s  a program s w itc h  to  show t h a t  a 
m is-m atch  f i l e  c o n d i t io n  has been  d e t e c t e d  
and th e  ' I g n o r e '  o p t io n  has been in v o k e d .
Z-MAX-LINES Maximum number o f  l i n e s  p er  r e p o r t  page a s  
s p e c i f i e d  i n  g l o b a l  v a r i a b l e  ;^MXLN.
oo
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7. GROUP DESCRIPTION ENTRIES
D epending on th e  u s e r ' s  problem  group d e s c r i p t i o n s  may be 
g e n e r a te d  f o r  th e  f o l l o w i n g  groups;
1 .  Z-CONTROL-TOTALS
2 .  Z-LINE-COUNTS )
3 .  Z-CONTROL-BREAK
4 .  R eport l i n e  fo rm a ts
3 .  Z-TUPLE
6 .  Z-TUPLE-N
7 .1  Z-CONTROL-TOTALS
The Z-CONTROL-TOTALS group d e s c r i p t i o n  i s  g e n e r a te d  o n l y  i f
th e  u s e r  r e q u e s t e d  th e  t o t a l l i n g  f a c i l i t y ,  i e .  g l o b a l  v a r i a b l e
;^TOT i s  e q u a l  to  1 .
A l e v e l  02 s ta t e m e n t  i s  g e n e r a te d  f o r  th e  f i n a l  t o t a l s  and.
f o r  each  in t e r m e d i a t e  seq u en ce  k ey  l e v e l  e x c e p t  th e  minor k e y .
The l e v e l  02 i t e m s  a r e  named Z-LEVEL-i where i  i s  th e  s e q u e n c e  k ey
l e v e l  number or 0 in  th e  c a s e  o f  f i n a l  t o t a l s .  Thus i f  n i s  th e
number o f  seq u en ce  k e y s  i n  th e  u s e r ' s  d a ta ,  a s  s t o r e d  i n  g l o b a l
v a r i a b l e  ;^NKEY, th en  i  t a k e s  th e  v a lu e s  n - 1 ,  n - 2 ,  . . . , 1 , 0 .
For each  l e v e l  02 s ta te m e n t  a n e s t e d  c a l l  i s  made to  th e
SAVETOTL macro ( S e c t i o n  4 o f  t h i s  a p p en d ix )  w hich  r e - g e n e r a t e s
th e  l e v e l  03 s t a t e m e n t s  fo r  each  t o t a l l i n g  i t e m .
The f o l l o w i n g  m acro -t im e  s t a t e m e n t s  show how th e
Z-CONTROL-TOTALS group d e s c r i p t i o n  may-be g e n e r a te d ;
% IF ;^T O T .E q.O ,goto  31
% 7^V1=;^NKEY
01 Z-CONTROL-TOTALS.
% 3 0  i^V1=;^V1-1 :
02 Z-LEVEL-;^V1. | ■
SAVETOTL] '
% IF \^ V 1 .N E .0 ,G 0 T 0  30
%31 CONTINUE
For th e  model problem  d e s c r ib e d  i n  S e c t i o n  5»9 o f  th e  main  





03 MONTHS-SERVICE PICTURE S 9 ( l 8 )  
VALUE 0 USAGE COMPUTATIONAL. 
03 NO-EMPLOYEES PICTURE 8 9 (1 8 )  
VALUE 0 USAGE COMPUTATIONAL. 
02 Z-LEVEL-0.
03 MONTHS-SÊRVICE PICTURE S 9 ( l 8 )  
VALUE 0 USAGE COMPUTATIONAL. 
03 NO-EMPLOYEES PICTURE S 9 ( l 8 )  
VALUE 0 USAGE COMPUTATIONAL.
7 . 2  Z-LINE-COUNTS
The Z-LINE-COUNTS group c o n t a in s  a data d e s c r i p t i o n  e n t r y  
f o r  each  seq u en ce  breajc h e a d in g ,  i f  s p e c i f i e d ,  i n  major to  
p e n u l t im a te  minor k e y  o r d e r  and th e  d e t a i l  p r i n t  grou p . The data  
i n  th e  Z-LINE-COUNTS group i s  u sed  by th e  P roced ure  d i v i s i o n
s t a t e m e n t s  to  c a l c u l a t e  th e  lo w e s t  l i n e  o f  a r e p o r t  page on which
th e  p r i n t i n g  o f  a p a r t i c u l a r  p r i n t  group may b e g i n .  The c o n t e n t s  
o f  th e  group d e s c r i p t i o n  i s  r e d e f i n e d  so th a t  s u b s c r i p t s  may be  
u se d  i n  th e  P roced ure  d i v i s i o n  to  r e f e r e n c e  th e  data i t e m s .
The l e v e l  02 e n t r i e s  a r e  c a l l e d  Z -L -C -1 , Z -L -C -2 , e t c  and  
ea ch  has an i n i t i a l  v a lu e  a s s i g n e d .  The i n i t i a l  v a lu e  i s  e q u a l  to  
th e  number o f  l i n e s  i n  th e  p r i n t  group r e p r e s e n t e d .  The g e n e r a l  
form o f  th e  s t a t e m e n t s  g e n e r a te d  f o r  t h i s  group d e s c r i p t i o n  i s  a s  
( 2 )  f o l l o w s :
01 Z-LINE-COUNTS.
02 Z-L-C-1 PICTURE 99 VALUE 1^  USAGE COMPUTATIONAL .
02 Z-L-C-2 PICTURE 99 VALUE 1, USAGE COMPUTATIONAL.
I • I
I • '  ■ •
■ I . '02 Z-L-C-p PICTURE 99 VALUE Ip USAGE COMPUTATIONAL.
01 FILLER REDEFINES Z-LINE-COUNTS.
I 02 Z-L-C PICTURE 99 OCCURS p TIMES USAGE COMPUTATIONAL,
where p i s  one p lu s  th e  number o f  seq u en ce  break  h e a d in g s  u se d  in  
th e  r e p o r t .  The Ij, Ij, . . . ,  Ip v a l u e s  a r e  e x t r a c t e d  from th e  f i r s t  
r e c o r d  o f  th e  PAGESBHn s u b f i l e s  i n  th e  c a s e  o f  seq u en ce  break  
h e a d in g s  and th e  PAGEDETAIL s u b f i l e  f o r  th e  d e t a i l  l i n e  p r i n t
grou p . The v a lu e  i n  g l o b a l  v a r i a b l e  ;^HEAD i n d i c a t e s  w h eth er  o r
oo
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n o t  seq u en ce  break h e a d in g s  have been  s p e c i f i e d . b y  th e  u s e r .
7 . 3  Z-CONTROL-BREAK
The Z-CONTROL-BREAK group i s  u sed  by th e  P roced ure  d i v i s i o n  
s t a t e m e n t s  to  d e t e c t  a seq u en ce  break  in  th e  in p u t  data i n  any  k ey  
e x c e p t  th e  minor k e y .  The group c o n t a in s  a l e v e l  02 data  
d e s c r i p t i o n  f o r  each  k e y  in  major to  p e n u lt im a te  minor k e y  o r d e r .  
The number o f  k e y s  in  th e  u s e r ' s  data i s  c o n ta in e d  i n  g lo b a l  
v a r i a b l e  /^NKEY and th e  names o f  th e  k e y s  a r e  s t o r e d  in  th e  KEYDICT 
s u b f i l e  (A ppendix  V S e c t i o n  3 ) » The p i c t u r e - s t r i n g  f o r  each  k ey  i s  
e x t r a c t e d  from th e  c o r r e s p o n d in g  key-name r e c o r d  i n  th e  PICTUREDICT 
s u b f i l e  (A ppendix V S e c t i o n  1 0 ) .  The g e n e r a l  form o f  th e  
s t a t e m e n t s  g e n e r a te d  f o r  th e  Z-CONTROL-BREAK group i s  a s  f o l l o w s :
; 01 Z-CONTROL-BREAK.
02 majo r -k ey -n a m e  PICTURE p i c t u r e - s t r i n g .
: :
• •
02 p e n u lt im a te -m in o r -k e y -n a m e  PICTURE p i c t u r e - s t r i n g .
" ' ■; ■ ^
7 .4  REPORT LINE FORMATS
The groqp d e s c r i p t i o n s  f o r  th e  r e p o r t  l i n e  fo rm a ts  o f  th e
v a r io u s  c a t e g o r i e s  o f  o u tp u t  s p e c i f i e d  by th e  u s e r  were g e n e r a te d
d u r in g  th e  problem s p e c i f y i n g  d i a l o g u e .  They a r e  l o c a t e d  i n  th e  
b o d ie s  o f  th e  macros w ith  REC a s  th e  macro name s u f f i x  w hich  were  
'grown* d u r in g  th e  v a r io u s  s t a g e s  o f  th e  d i a l o g u e .  The group  
d e s c r i p t i o n s  a r e  r e - g e n e r a t e d  by making n e s t e d  c a l l s  to  t h e s e  
'g ro w n ' macroiq. S in c e  a l l  th e  macros were i n i t i a l i s e d  a s  em pty,  
th e  macro f o r  any o p t io n  n o t  in v o k ed  by th e  u s e r  w i l l  be empty
and no s ta t e m e n t s  w i l l  be g e n e r a t e d .  F ig u r e  7»1 shows th e  names
o f  th e  m acros c o n t a i n i n g  group d e s c r i p t i o n s  f o r  r e p o r t  l i n e s  
t o g e t h e r  w ith  a n o t e  o f  th e  problem  s p e c i f y i n g  s t a g e  i n  w hich  
t h e y  were 'grown*.
14
F i g u r e  7 . 1  'Grown' m a c r o s  c o n t a i n i n g  r e p o r t  l i n e  f o r m a t s
O
Macro name S ta g e  'grow n ' Main t e x t  r e f e r e n c e
TITLEREG 12 7 .2 0



















15 7 .2 3
TOTLREC 16 7 .2 4
7 . 5  Z-TUPLE
O
The Z-TUPLE group c o n t a in s  data d e s c r i p t i o n s  f o r  a l l  th e  i t e m s  
w hich  a r e  u sed  to  s o l v e  th e  u s e r ' s  prob lem . The group i s  made up 
o f  th r e e  p a r t s ;
1 .  The a d d i t i o n a l  d a ta  i t e m s  d a t e ,  t im e and page number.
2 .  The i t e m s  i n  th e  u s e r ' s  problem  dom ains .
3* U ser c r e a t e d  tem porary i t e m s .
The s t a t e m e n t s  f o r  p a r t s  2 and 3 have a l r e a d y  been g e n e r a te d  
and th e y  a r e  l o c a t e d  in  th e  b o d ie s  o f  th e  TUPLE and TEMPITEM 
m acros ( S e c t i o n  4 o f  t h i s  a p p en d ix  and S e c t i o n  7 .1 2  o f  th e  main  
t e x t ) .  These  s t a t e m e n t s  a r e  r e - g e n e r a t e d  by making n e s t e d  c a l l s
o15
to the macros. The statements generated for the first part of the
Z-TUPLE group a r e  a lw a y s  th e  same and a re  shown below :
01 Z-TUPLE.
02 ZDATE PICTURE X( 8 ) .
• : 02 ZTIME PICTURE X ( 8 ) .
02 Z-PAGE-COUNT PICTURE 9999 VALUE 0 USAGE COMPUTATIONAL.
- 7 . 6  Z-TUPLE-N
The Z-TUPLE-N group c o n t a in s  d e s c r i p t i o n s  o f  a l l  th e  data  
i t e m s  from th e  u s e r ' s  f i l e s  w hich a r e  r e q u ir e d  to  s o l v e  th e  prob lem ,  
( c . f .  p a r t  2 o f  Z-TUPLEè) In th e  P rocedure  d i v i s i o n ,  when th e  
^2) in p u t  f i l e  r e c o r d s  have been m a tch ed , th e  in p u t  data i t e m s  a r e
te m p o r a r i ly  s t o r e d  i n  Z-TUPLE-N. . A f t e r  th e  seq u en ce  break  c h e c k in g  
has been  c a r r i e d  o u t  th e  Z-TUPLE-N i t e m s  a r e  moved to  th e  
c o r r e s p o n d in g  i t e m s  i n  th e  Z-TUPLE grou p . The l e v e l  02 data  
d e s c r i p t i o n  s t a t e m e n t s  f o r  th e  Z-TUPLE-N group a r e  g e n e r a te d  by  
making a n e s t e d  c a l l  to  th e  TUPLE m acro.
8 .  PROCEDURE DIVISION ENTRIES
The P roced ure  d i v i s i o n  p r o c e s s i n g  i s  b ased  on t h r e e  main  
s e c t i o n s ,  Z-INITIAL, Z—PROCESSING and Z—FINAL (F ig u r e  8 . 1 ) .  In  
a d d i t i o n  t h e r e  a r e  o t h e r  s e c t i o n s  whose e x e c u t io n  i s  i n i t i a t e d  by  
means o f  PERFORM s t a t e m e n t s .  Each s e c t i o n  c o n s i s t s  o f  s e v e r a l  
p a r a g r a p h s .  The s t a t e m e n t s  g e n e r a te d  f o r  th e  v a r io u s  s e c t i o n s  and 
p aragrap h s o f  th e  P roced u re  d i v i s i o n  a r e  d i s c u s s e d  i n  th e  
su b se q u e n t  s e c t i o n s  o f  t h i s  a p p e n d ix .
In  th e  g e n e r a l  form s o f  g e n e r a te d  s t a t e m e n t s ,  w hich a r e  
l i s t e d  i n  th e  su b se q u e n t  s e c t i o n  o f  t h i s  a p p e n d ix ,  p o s i t i o n s  
where s t a t e m e n t s  from 'grown* m acros a r e  in c o r p o r a te d  a r e  




Figure 8.1 Generated COBOL prof^ram outline flowchart
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9. Z-INITIAL SECTION, PARAGRAPH Z-PARA-1
O
The p r o q e ss in g  c a r r ie d  out by the s ta tem en ts  gen era ted  fo r  
th e  Z-PARA-1 paragraph o f  the  Z-INITIAL s e c t io n  c o n s i s t s  o f  the  
fo l lo w in g :
1 ,  Oper^  a l l  f i l e s  used by the program.
2 .  E xeçu te , by means o f  PERFORM s ta tem en ts  u s in g  the  
.VARYING o p t io q ,  the Z-END-PAGE-COUNTS and Z-START-LINE proced ures
which are lo c a te d  in  th e  Z-OTHER-PROCEDURES s e c t i o n .  These 
proced ures c a l c u l a t e  and s t o r e  in  the Z-L-C data item s the  l a s t  
l i n e  number on which c e r t a in  p r in t  groups may b eg in  to p r i n t .
3» Obtain th e  run time and date v a lu e s  in  ch a ra cter  form 
from the o p e r a t in g  system  e x e c u t iv e  by means o f  ACCEPT o p e r a t io n s .  
Use i s  made o f  data names p r e v io u s ly  d e f in ed  in  the  SPECIAL-NAMES 
paragraph.
4 .  Execute the  own code p r o c e s s in g ,  i f  any , to  be c a r r ie d  
o u t a t  the  s t a r t  o f  th e  p r o c e s s in g  run. The COBOL s ta te m e n ts  fo r  
t h i s  p r o c e s s in g  s t e p  were gen era ted  during S tage  18 o f  th e  problem  
s p e c i f y in g  d ia lo g u e  (S e c t io n  7*26 o f  the main t e x t )  and are  
r e -g e n e r a te d  by making a n e s te d  c a l l  to the OWSTART macro.
5* Read the f i r s t  record  from each o f  the  in p u t f i l e s  by 
( 2 )  means o f  PERFORM s ta te m e n ts  which r e f e r  to S e c t io n s  Z-READ-1,
Z-READ-2, e t c  which are  d escr ib e d  in  S e c t io n  27 o f  t h i s  a p p en d ix .
The g e n era l  form o f  the s ta te m e n ts  gen erated  fo r  th e  above  
p r o c e s s in g  i s  shown below:
DATA DIVISION. ■
■ Z-INITIAL SECTION.





PERFORM Z-END-PAGE-COUNTS VARYING Z FROM p BY -1 UNTIL Z 
EQUALS 1.
PERFORM Z-START-LINE VARYING Z FROM 1 BY 1 UNTIL Z GREATER 
THAN p.
ACCEPT ZDATE IN Z-TUPLE FROM Z-DATE.
o0
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n is the number of input files as contained in global variable
^GNREL
and
p is equal to 1 if sequence break headings were not specified,
i.e. ^ H E A D  = 0, and equal to ;^NKEY if ^ÙEEAD is equal to 1.
10. PARAGRAPH Z-PARA-2
The processing carried out by the statements generated for 
the Z-PARA-2 paragraph is as follows:
1. Set up the input data for the first tuple in Z-TUPLE-N 
by performing the Z—Fi/TCH—TUPLuj section, whose processing is 
described in Section 29 of this appendix.
2. Test the Z-IGNORE switch set in Z-FETCH--TUPLE. If it is 
equal to 1 a file mismatch condition exists which the user wishes 
to ignore, so processing resumes at step 1 above.
3. Move the input data for the first tuple into the Z-TUPLE
group. . . .
4. Set the initial values for the key items in the 
Z-CONTROL-BREAK group equal to the corresponding items of the 
first tuple. The Z-CONTROL-BREAK group is later used to detect 
a sequence break in the input data keys.
3. Execute the own code processing to be carried out prior to  
vjriting the report title* The COBOL statements for this step are 
in the body of the ONNTITL macro which was 'grown’ during the
oo
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problem s p e c i f y in g  d ia lo g u e  (S e c t io n  ? . l 8  o f  main t e x t ) .  They 
are  r eg en era ted  by making a n e s te d  c a l l  to the OWNTITL macro.
6 .  Write out the  Rep^ort t i t l e ,  i f  s p e c i f i e d ,  by perform ing  
the  Z-PARA-TITLE p ara g ra p h .o f  the Z-OTHER-PROCEDURES s e c t i o n .
N.B. The s ta te m e n ts  fo r  s t e p s  3 and 6 are o n ly  gen erated  i f  g lo b a l  
v a r ia b le  ;i^TITL i s  equa l to 1.
7* Skip to  the top  o f  a new rep o rt  page and w r ite  out the  
page head in g  e t c ,  i f  s p e c i f i e d .  This p r o c e s s in g  i s  c a r r ie d  out  
by perform ing the  Z-PARA-PAGE paragraph in  the Z-OTHER-PROCEDURES 
s e c t io n *
The s ta te m e n ts  gen era ted  fo r  the above p r o c e s s in g  are  a s  
fo l lo w s :
Z-PARA^2. '
PERFORM Z-,FETCH-TUPLE. IF Z-IGNORE EQUALS 1 GO TO Z-PARA-2. 
MOVE CORRESPONDING Z-TUPLE-N TO Z-TUPLE.
[OWNRETR]




1 1 . Z-PROCESSING SECTION, PARAGRAPH Z-PARA-3
In the Z-PARA-3 paragraph the  f o l lo w in g  th re e  ta s k s  may be 
c a r r ie d  ou t:
1 . Execute th e  MOVE o p e r a t io n s  which co n ca te n a te  data in t o  
the  compound temporary i t e m s ,  i f  any were c r e a te d  by th e  u s e r  
( S e c t io n  7*12 o f  main t e x t ) .  The COBOL s ta te m e n ts ,  i f  any , fo r  
t h i s  p r o c e s s in g  are  lo c a t e d  in  th e  body o f  the  CONCAT macro and 
may be reg en era ted  by making a n e s te d  c a l l  to  the macro.
2 .  Execute the  own code p r o c e s s in g ,  i f  any , to  be c a r r ie d  
out a f t e r  a data r e t r i e v a l .  The COBOL s ta te m e n ts  fo r  t h i s  
p r o c e s s in g  ta sk  were gen era ted  during  Stage 18 o f  the  problem
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specifying dialogue (Section 7.26 of main text). They are
r eg en era ted  by making a n e s te d  c a l l  to  the OWNRETR macro.
3* Apply the data s e l e c t i o n  c o n d i t io n s ,  i f  any, s p e c i f i e d
d u rin g  the  problem s p e c i f y i n g  d ia lo g u e .  I f  the  c o n d it io n s  are
s a t i s f i e d  c o n tr o l  p a s s e s  to  paragraph Z-PARA-4, o th erw ise  i t
p a s s e s  to Z-PARA-3. The COBOL s ta te m e n ts  fo r  t h i s  ta sk  are
lo c a t e d  in  the body o f  the SELCOND macro (S e c t io n  7 .1 4  o f  main
t e x t )  and are  reg e n e r a ted  by making a n es te d  c a l l  to  the macro.
The s ta te m e n ts  g en era ted  fo r  the above p r o c e s s in g  are  as
fo l lo w s :
' Z-PROCESSING SECTION.




12 . PARAGRAPH Z-PARA-4
One or two ta s k s  are  performed in  the Z-PARA-4 paragraph  
depending on whether or not the u se r  req u ested  the t o t a l l i n g  
f a c i l i t y ;
1 . . I f  t o t a l l i n g  was r eq u ested  the Z-PARA-ADD paragraph, 
which accu m ulates  the req u ired  data v a lu e s ,  i s  execu ted  by means 
o f  a PERFORM s ta te m e n t .  This s ta tem en t i s  o n ly  gen erated  i f  
g lo b a l  v a r ia b le  ^TOT i s  equal to  1.
2 .  The Z-PARA-WRITE paragraph i s  performed so th a t  th e  
d e t a i l  l i n e ( s )  fo r  the  cu rren t data r e t r i e v a l  are  w r i t t e n  on the  
Report f i l e .
The Z-PARA-ADD and Z-PARA-WRITE paragraphs are  l o c a t e d  in  
th e  Z-OTHER-PROCEDHRES s e c t io n  and are  d escr ib e d  l a t e r .
The s ta te m e n ts  gen era ted  fo r  th e  Z-PARA-4 paragraph a re  







13 . PARAGRAPH Z-PARA-3
The p r o c e s s in g  c a r r ie d  out by the s ta te m e n ts  generated  fo r  
the Z-PARA-3 paragraph i s  a s  f o l lo w s :
1 .  S e t  up the  in p u t  data fo r  the next tu p le  in  the  Z-TUPLE-N 
group by perform ing the Z-FETGH-TUPLE s e c t i o n .
2 .  T est  the  Z-IGNORE sw itc h  s e t  in  the Z-FETCH-TUPLE 
s e c t i o n .  I f  i t  i s  equal to 1 the u ser  w ish es  to  ig n o re  a f i l e  
mismatch c o n d i t io n ,  so p r o c e s s in g  resumes a t  s t e p  1 above .
3 .  Execute the Z-SEQUENCE-BREAK s e c t io n  by means o f  a 
PERFORM s ta te m e n t .  T his  s e c t io n  d e t e c t s  and p r o c e s s e s  an in p u t  
data sequence break c o n d it io n  and i s  d e scr ib ed  l a t e r .
4 .  Pass c o n tr o l  to  the Z-PARA-3 paragraph where the  n ex t
tu p le  i s  p r o c es sed .
The s ta te m e n ts  gen era ted  fo r  the Z-PARA-3 paragraph are  
shown below and are a lw ays the same a s  th ey  are  independent o f  
th e  u s e r ’s  problem;
, ' ' Z-PARA-3. PERFORM Z-FETCH-TUPLE.
^  IF Z-IGNORE EQUALS 1 GO TO Z-PARA-3.
W  perform Z-SEQUENCE-BREAK. GO TO'Z-PARA-3
1 4 .  Z-FINAL SECTION. PARAGRAPH Z-PARA-FINAL
I f  t o t a l l i n g  was not s p e c i f i e d  by the u s e r ,  i . e .  g lo b a l  
v a r ia b le  ^TQT, i s  equal to  z e r o ,  the  Z-PARA-FINAL paragraph i s  a 
n u l l  paragraph and o n ly  the fo l lo w in g  s ta te m e n ts  are  gen era ted
fo r  i t :  ■
Z-FINAL SECTION.
. 4 Z-PARA-FINAL. EXIT.
I f ,  however, th e  t o t a l l i n g  f a c i l i t y  was invoked the  f o l l o w in g
p r o c e s s in g  i s  c a r r ie d  out in  the  Z-PARA-FINAL paragraph:
oo
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1* P rocess  the  sequence break s u b t o t a l s  in  p en u lt im ate  minor 
to  major key o rd er . T his  p r o c e s s in g  i s  i n i t i a t e d  by PERFORM 
s ta te m e n ts  which r e f e r  to  the Z-TOTALi paragraphs, where i  i s  the  
sequence key l e v e l .  These paragraphs are in  the Z-OTHER-PROCEDURES 
s e c t i o n  and are d e scr ib e d  l a t e r .
2 .  T est the v a lu e  o f  the l i n e  counter  to  s e e  i f  th ere  i s  
enough room a t  the  bottom o f  the  page fo r  a l l  the  l i n e s  o f  the  
f i n a l  t o t a l s  p r in t  group. I f  th ere  i s  i n s u f f i c i e n t  space take a 
new page by perform ing the page heading paragraph Z-PARA-PAGE.
3* Obey the u s e r ’s own code p r o c e s s in g ,  i f  any, s p e c i f i e d  
fo r  e x e c u t io n  p r io r  to p r in t in g  the f i n a l  t o t a l s .  The COBOL 
s ta te m e n ts  fo r  t h i s  own code p r o c e s s in g  were gen erated  du rin g  the  
problem s p e c i f y in g  d ia lo g u e  (S e c t io n  7 .2 6  o f  main t e x t )  and are  
l o c a t e d  in  the body o f  the OWNTOTL macro. They are  reg e n e r a ted  
by making a n e s te d  c a l l  to  the  OWNTOTL macro.
4 .  Output the  t o t a l s  in  th e  u ser  s p e c i f i e d  format by 
perform ing the Z-TOTALO-WRITE paragraph lo c a te d  in  the  
Z-OTHER-PROCEDURES s e c t i o n .
COBOL s ta te m e n ts  fo r  s t e p s  2 to  4 are g en era ted  o n ly  i f  
t o t a l s  output was s p e c i f i e d  by the u s e r ,  i . e .  g lo b a l  v a r ia b le  i s  
;^TOTL i s  equal to  1.
I f  the t o t a l l i n g  f a c i l i t y  was used and t o t a l s  output i s  
r eq u ired  the g e n era l  form o f  the s ta tem en ts  g en era ted  fo r  th e  











i  ta k e s  the v a lu e s  n - 1 ,  n - 2 ,  . . . ,  1 and n i s  the  number o f
oo
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sequence key l e v e l s  a s  c o n ta in ed  in  g lo b a l  v a r ia b le  ;^NKEY
and
1 i s  the va lu e  in  g lo b a l  v a r ia b le  >^MXLN minus the  v a lu e  in
the c o n tr o l  record  o f  the PAGETOTL work s u b f i l e  (Appendix V 
S e c t io n  9 ) •
■ , .  ;
15 . PARAGRAPH Z-CLQSE-DOWN
The Z-CLOSE-DOWN paragraph c a r r i e s  out two ta sk s ;
1 . C lose  a l l  the in p u t f i l e s  and the output rep o r t  f i l e .
2 .  ^top the program run.
The s ta te m e n ts  gen era ted  fo r  t h i s  paragraph have the




!  , : ; . ' ■ ■
- Z-FILE-n ;
Z-REPORT-FILE. STOP RUN.
where n i s  the number o f  in p u t f i l e s  a s  co n ta in ed  in  g lo b a l
v a r ia b le  ;^NREL.
1 6 .  Z-OTHER-PROCEDURES SECTION
The Z-OTHER-PROCEDURES s e c t i o n  i s  a co n v en ien t  means o f  
grouping a number o f  paragraphs which dp not f i t  in t o  any o f  
the  o th er  s e c t i o n s  o f  the  Procedure d i v i s i o n .  The e x e c u t io n  o f  
each paragraph i s  i n i t i a t e d  by means o f  a PERFORM s ta te m e n t .  With 
the  e x c e p t io n  o f  the Z-TOTALi, Z-HEADi and Z-HEADi-EXIT paragraph^, 
th e  o r d e r in g  o f  paragraphs w ith in  the  s e c t io n  i s  q u ite  a r b i t r a r y .  
Depending on the u s e r ' s  problem th e  s ta tem en ts  fo r  some paragraphs  
may not be g en era ted .




17 . PARAGRAPH Z-PARA-ADD
The Z-PARA-ADD paragraph i s  o n ly  generated  i f  the  t o t a l l i n g  
f a c i l i t y  was invoked by the u s e r ,  i . e .  g lo b a l  v a r ia b le  ;^TOT i s  
eq u a l to  1.
The p r o c e s s in g  in  t h i s  paragraph cau ses  the  t o t a l l i n g  item s  
from th e  cu rren t tu p le  to  be added to  the corresp on d in g  i te m s  a t  
th e  p en u lt im ate  minor key l e v e l  o f  the  Z-CONTROL-TOTALS group.
I f  g en e ra ted ,  th e  s ta tem en t fo r  the Z-PARA-ADD paragraph i s  
a s  fo l lo w s :
Z-PARA-ADD. ADD CORRESPONDING Z-TUPLE TO Z-LEVEL-i. 
where i  i s  equal to  n-1 and n i s  the  va lue  in  g lo b a l  v a r ia b le  
^NKEY.
18. PARAGRAPH Z-PARA-WRITE
The p r o c e s s in g  in  the  Z-PARA-WRITE paragraph c o n s i s t s  o f  
th e  fo l lo w in g ;
1. T est the l i n e  cou n ter  to  s ee  i f  th ere  i s  enough room on
the cu rren t  r ep o rt  page to  output the  d e t a i l  l i n e ( s )  fo r  the
cu rren t t u p le .  I f  th ere  i s  not enough space a new page i s  taken  
by perform ing the  page head in g  paragraph Z-PARA-PAGE.
2 .  Carry out the  own code p r o c e s s in g ,  i f  any , s p e c i f i e d  by 
the u ser  during the problem s p e c i f y i n g  d ia lo g u e  fo r  e x e c u t io n  p r io r  
to p r in t in g  the d e t a i l  l i n e ( s )  fo r  th e  cu rren t tu p le  ( S e c t io n  7*26  
o f  the  main t e x t ) .  The COBOL s ta te m e n ts  fo r  t h i s  s t e p  a re  l o c a t e d  
in  the body o f  the  OWNDETAIL macro and are  r eg e n e r a ted  by making  
a n e s te d  c a l l  to  i t .
3* Output the d e t a i l  l i n e ( s )  for  the cu rren t  tu p le  in  th e  
format s p e c i f i e d  during the problem d ia lo g u e  ( S e c t io n  7 .1 8  o f  main 
t e x t ) .  The body o f  th e  WRITEPARi'i. macro c o n ta in s  th e  COBOL
sta te m e n ts  fo r  t h i s  s t e p  and th ey  may be r eg e n e r a ted  by making a
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nested call tq the macro*
The s ta tem en ts  g en era ted  fo r  the Z-PARA-WRITE paragraph have 
th e  f o l lo w in g  g e n e r a l  form;
Z-PARArWRITE.
IF Z-LINE^COUNT GRATER THAN Z-L-C(1 )  PERFORM Z-PARA-PAGE. 
[OWNDETAIL]
[WRITEPARA]
where 1 i s  equal to  1 i f  sequence break head in gs were not s p e c i f i e d ,
i . e .  g lo b a l  v a r ia b le  ;ÿùHEAD i s  equa l to  z e r o ,  and equal to  ;^NKEY 
i f  ^HEAD i s  equal to  1 .
(2) 19 . PARAGRAPHS Z-END-PAGE-COUNTS AND Z-START-LINE
The c a l c u l a t i o n s  fo r  determ in in g  the l a s t  l i n e  o f  a r e p o r t  
page on which any sequence break heading or d e t a i l  l i n e  p r in t  
group may b eg in  are  de layed  u n t i l  the  COBOL program i s  e x e c u te d .
. T his  i s  because  the  n e c e s s a r y  c a l c u l a t i o n s  are  cumbersome to  e f f e c t  
u s in g  the  PG/2 macro p r o c es so r  f a c i l i t i e s  which do n o t  supp ort  
' s u b s c r ip t s  and a rra y  v a r i a b l e s .
These c a l c u l a t i o n s  aim to  a v o id  sequence break h ead in gs  
ap p ear in g  a t  the fo o t  o f  a rep o r t  page and to p reven t in co m p le te  
p r in t  groups from hav in g  to be con tin u ed  on the n e x t  r ep o r t  page .
A sequence break head in g  i s  n o t  output to  a r e p o r t  page u n le s s  
th er e  i s  a l s o  room fo r  a l l  the sequence break h ead in gs  minor to  
i t  and a t  l e a s t  one s e t  o f  d e t a i l  o u tp u t .
The e x e c u t io n  o f  the  s ta te m e n ts  in  the Z-END-PAGE-COUNTS 
and Z-START-LINE paragraphs i s  i n i t i a t e d  by PERFORl'd s ta te m e n ts  in  
th e  Z-pARA-1 paragraph o f  the  Z-INITIAL s e c t io n  (S e c t io n  9 o f  t h i s  
, a p p e n d ix ) .  Use i s  made o f  the  data item s in  the  Z-LINE-COUNTS
group which a re  r e fe r e n c e d  by means o f  s u b s c r ip t  v a r ia b le s  Z end  




The following statements are generated for these paragraphs:
Z-END-PAGE-COUNTS. COMPUTE Z1 = Z -  1 .
ADD Z-L-C(Z) TO Z-L-C(Z1).
Z-START-LINE. COMPUTE Z-L-C(Z) = Z-MAX-LINES -  Z-L-C(Z).
: / : . ■
2 0 .  PARAGRAPHS Z-HEADi AND Z-HEADi-EXIT
Paragraphs Z-HEADi and Z-HEADi-EXIT c o n tr o l  the  w r i t in g  out  
o f  the sequence break h ead in g  a t  the i t h  key l e v e l .  S ta tem en ts  
fo r  th e s e  paragraphs are  o n ly  gen era ted  i f  th e  u ser  s p e c i f i e d  
sequence break h e a d in g s ,  i . e .  g lo b a l  v a r ia b le  ;^HEAD i s  eq u a l to  
1 ( S e c t io n  7 .2 2  o f  main t e x t ) .  A p a ir  o f  paragraphs i s  gen era ted  
fo r  each sequence break heading  in  the u s e r ' s  r e p o r t ,  i . e .  i  ta k es  
th e  v a lu e s  1 to  n-1 where n i s  number o f  sequence keys a s  in  g lo b a l  
v a r ia b le  ;^NKEY. The e x e c u t io n  o f  th e se  paragraphs i s  i n i t i a t e d  
by a PERFORM . . .  THRU ' . . .  s ta tem en t  in  the Z-SEQUENCE-BREAK 
s e c t i o n .
The p r o c e s s in g  c a r r ie d  out by each p a ir  o f  paragraphs  
c o n s i s t s  o f  the fo l lo w in g  s t e p s :
, 1 .  T est  the v a lu e  o f  Z-LINE-COUNT to s e e  i f  th ere  i s  enough
room o|i the  rep o r t  page to  p r in t  the  sequence break h ea d in g .  I f  
th e r e  i s  i n s u f f i c i e n t  space  co n tin u e  a t  s t e p  4 ,  o th er w ise  c o n t in u e  
b elow .
2 .  T est the s t a t e  o f  the page sw itch  Z-PAGE-SWITCH. I f  i t  
i s  equql to  1 a new page has j u s t  been taken so c o n t r o l  p a s s e s  to  
s t e p  6 a s  th ere  i s  no need to r ep ea t  the sequence break h e a d in g .
3# Output th e  sequence break heading fo r  th e  i t h  k ey  l e v e l  
by perform ing  the Z-HEADi-WRITE paragraph. Continue p r o c e s s in g  
a t  s t e p  5 .
4 .  Skip to a new page and output the  h ead in gs  by p erform in g  
th e  Z-PARA-PAGE paragraph.
3 .  E x it  from the range o f  the  PERFORM s ta te m e n t .
The above p r o c e s s in g  i s  i l l u s t r a t e d  in  F igu re  2 0 .1  and th e
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form o f  the  COBOL s ta te m e n ts  gen era ted  fo r  th e s e  p a ir s  o f  
paragraphs i s  shown below:
Z-HEADi.
IF Z-LINE-COUNT GREATER THAN Z -L -C (i)  PERFORM Z-PARA-PAGE 
GO TO Z-HEADi-EXIT.
.I F  Z-PAGE-SWITCH EQUALS 1 GO TO Z-HEADi-EXIT.
PERFORM Z-HEADi-WRITE.
Z-HEADi-EXIT. EXIT.
where i  i s  equal to  the  sequence break key l e v e l  which ta k e s  the  
v a lu e s  1 to  n - 1 ,  where n i s  the  va lu e  in  g lo b a l  v a r ia b le  ;^NKEY.






Paragraph Z-TOTALi c o n t r o ls  th e  summation and w r i t in g  out o f  
th e  sequence break s u b t o t a l s  a t  key  l e v e l  i .  The s ta te m e n ts  fo r  
th e s e  paragraphs are  g en era ted  o n ly  i f  the t o t a l l i n g  f a c i l i t y  was 
in v o k ed , i . e .  i f  g lo b a l  v a r ia b le  ;^TOT i s  equal to  1 .
COBOL s ta te m e n ts  fo r  s t e p s  1 to  4 o f  th e  p r o c e s s in g  c a r r ie d  
ou t in  t h i s  paragraph and d e scr ib e d  below are  gen era ted  o n ly  i f  
sequence break s u b t o t a l  output was s p e c i f i e d  by the  u s e r ,  i . e .  
g lo b a l  v a r ia b le  ;^SUBT i s  equal to  1 (S e c t io n  7 .2 3  o f  main t e x t ) .
1 .  T est  the l i n e  counter  Z-LINE-COUNT to  s e e  i f  th e r e  i s  
room fo r  the  s u b t o t a l s  p r in t  group on the cu rren t page . I f  th e r e  
i s  i n s u f f i c i e n t  space  take a new page by perform ing the Z-PARA-PAGE 
paragraph-. -- i
2 .  I f  own code p r o c e s s in g  was s p e c i f i e d  fo r  e x e c u t io n  p r io r  
to  p r in t in g  the  s u b t o t a l s  a t  the cu rren t key l e v e l  ca rry  o u t t h i s  
p r o c e s s in g .  The COBOL s ta te m e n ts  fo r  t h i s  own code p r o c e s s in g  
were g en era ted  during  the  problem s p e c i f y in g  d ia lo g u e  and a re  
lo c a t e d  in  the body o f  the OWNSTLi macro, where i  i s  the c u r r e n t  
k ey  l e v e l .  These COBOL s ta te m e n ts  are r eg e n era ted  by making a 
n e s te d  c a l l  to  th e  OlVNBTLi macro.
3# Output th e  s u b t o t a l s  fo r  the  cu rren t key  l e v e l  by  
perform ing the Z-TOTALi-WRITE paragraph.
4 .  Turn the page sw itc h  o f f  by s e t t i n g  Z-PAGE-SWITCH eq u a l  
to  z e r o .  This i n d i c a t e s  th a t  a non-heading  p r in t  group has j u s t  
been output to  th e  r ep o r t  page.
3# Add the  s u b t o t a l s  o f  i tem s  a t  the cu rren t key  l e v e l  to  
the  corresp on d in g  item s  o f  the  n ex t  key l e v e l  major to  i t .
6o Z ero ise  th e  s u b t o t a l s  o f  i te m s  a t  the cu rren t k ey  l e v e l .
The g e n e ra l  form o f  the COBOL s ta te m e n ts  gen era ted  f o r  th e s e  




IF Z-LINE-COUNT GREATER THAN 1 PERFORM Z-PARA-PAGE. 
[OWNSTLi]
PERFORM Z-TOTALi-WRITE.
MOVE 0 TO Z-PAGE-SWITCH.
ADD CORRESPONDING Z-LEVEL-i TO Z-LEVEL-j.
SUBTRACT CORRESPONDING Z-LEVEL-i FROM, Z-LEVEL-i.
where
i  - i s  the  cu rren t key  l e v e l  which ta k es  the  v a lu e s  n-1 to  1,
where n i s  th e  number o f  sequence keys  a s  in  g lo b a l  v a r ia b le
^NKEY. 
j  i s  equal to  i - 1 , .
and
1 i s  equal to  the  v a lu e  in  g lo b a l  v a r ia b le  ;^MXLN minus th e
v a lu e  in  the c o n to l  record  o f  the PAGESTLi work s u b f i l e .  
(Appendix VII S e c t io n  l6  and Appendix V S e c t io n  9 ) .
2 2 .  PARAGRAPH Z-PARA-TITLE
The Z-PARA-TITLE paragraph i s  o n ly  p r e se n t  in  the  g en e ra ted  
COBOL program i f  the  u ser  s p e c i f i e d  a Report t i t l e  during  th e  
problem d ia lo g u e  ( S e c t io n  ? .2 0  o f  the  main t e x t ) .  The COBOL 
s ta te m e n ts  fo r  t h i s  paragraph were generated  a t  th e  time o f  th e  
d ia lo g u e  and are lo c a t e d  in  the body o f  the TITLEPARA macro.
They may be r eg e n era ted  by making a n e s te d  c a l l  to  the  TITLEPARA 
macro.
2 3 . PARAGRAPH Z-PARA-PAGE
The Z-PARA-PAGE paragraph c o n t r o l s  the sk ip  to  th e  top  o f  
the  n e x t  page o f  th e  r e p o r t ,  the in crem en tin g  o f  the  page c o u n ter  
and the  output o f  h e a d in g s ,  i f  s p e c i f i e d .
The p r o c e s s in g  s t e p s  are a s  fo l lo w s ;
1 .  Carry o u t th e  own code p r o c e s s in g ,  i f  an y , s p e c i f i e d
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during  the  problem d ia lo g u e  fo r  e x ec u t io n  p r io r  to  the output o f  a 
page h ea d in g . The COBOL s ta te m e n ts  fo r  t h i s  p r o c e s s in g  were 
gen era ted  a t  the tim e o f  the d ia lo g u e  and are  lo c a t e d  in  the body 
o f  th e  OWPAGE macro (Appendix VII S e c t io n  2 6 ) .  They may be
r eg e n e r a ted  by making a n e s te d  c a l l  to  the macro.
2 .  C lear the  ou tp u t f i l e  record  area Z-OUTREC to  s p a c e s .
5 . Increment the  page counter  Z-PAGE-COUNT by 1 .
4 .  Skip to  th e  top o f  a new r ep o rt  page by w r i t in g  o u t  a
blank l i n e  on the r ep o r t  and then sk ip p in g  to  channel 1 .
5 . Output th e  page h ead in g , i f  s p e c i f i e d  by the u se r  during  
th e  problem d ia lo g u e  ( S e c t io n  7 .21  in  main t e x t ) .  The COBOL 
s ta te m e n ts  fo r  t h i s  s t e p  are  lo c a t e d  in  the body o f  the PHEADPARA 
macro and may be reg e n e r a ted  by making a n e s te d  c a l l  to  th e  macro.
6 . Write out the  sequence break h ead in gs fo r  a l l  key  l e v e l s  
in  major to p en u lt im a te  minor key  order by perform ing the  
Z-HEADi-WRITE paragraphs, where i  d en otes  the k ey  l e v e l .  The 
COBOL s ta tm en ts  fo r  t h i s  s t e p  are  o n ly  g en era ted  i f  sequence  
break head in gs  were s p e c i f i e d  by the  u s e r ,  i . e .  i f  g lo b a l  
v a r ia b le  ;^HEAD i s  equal to  1 .
The g en e ra l  form o f  the  COBOL s ta te m e n ts  g en era ted  fo r  the  
Z-PARA-PAGE paragraph i s  a s  f o l lo w s ;
Z-PARA-PAGE.
- COWNPAGE]
MOVE SPACES TO Z-OUTREC. ADD 1 TO Z-PAGE-COUNT IN Z-TÜPLE.





where i  i s  equal to  the v a lu e  in  g lo b a l  v a r ia b le  ;^NKEY minus 1 .
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2 4 .  PARAGRAPHS Z-HEADi-WRITE
The Z-HEADi-WRITE paragraph w r i t e s  out the l i n e s  o f  the  
sequence break heading fo r  the i t h  key l e v e l .  I f  sequence break  
h ead in gs  were s p e c i f i e d  during  th e  problem d ia lo g u e ,  i . e .  g lo b a l  
v a r ia b le  ;^HEAD i s  equal to 1 , a  paragraph i s  gen era ted  fo r  each  
key  l e v e l  excep t the minor k ey .
The ta s k s  c a r r ie d  out by the  COBOL s ta te m e n ts  gen era ted  fo r  
each Z-HEADi-WRITE paragraph are  as  fo l lo w s ;
1. The own code p r o c e s s in g ,  i f  any, s p e c i f i e d  during the  
problem d ia lo g u e  fo r  e x e c u t io n  p r io r  to  the output o f  the sequence
‘ break heading  a t  the  cu rren t  key l e v e l ,  i s  c a r r ie d  o u t .  The COBOL 
s ta te m e n ts  fo r  t h i s  ta sk  are  lo c a t e d  in  the OWNSBHi macro s u b f i l e  
end may be r eg e n e r a ted  by making a n e s te d  c a l l  to  the  macro 
(Appendix VII S e c t io n  2 6 ) .
2 .  The l i n e s  o f  the sequence break head in g  fo r  th e  cu rren t  
k ey  l e v e l  are s e t  up and w r i t te n  o u t .  The SBHPARAi macro c o n ta in s
th e  COBOL s ta te m e n ts  fo r  t h i s  s t e p  which were gen era ted  du rin gf . ‘ '
the  problem d ia lo g u e  (S e b t io n  7 .2 2  o f  main t e x t ) .  They may be 
r eg e n e r a ted  by making a n e s te d  c a l l  to  the SBHPARAi macro 
(Appendix VII Sfection 2 2 ) .
The g e n e ra l  form o f  the s ta te m e n ts  gen era ted  fo r  th e  




where i  i s  the sequence key l e v e l  and ta k es  th e  v a lu e s  1 , 2 ,  . . ,  
n-1 and n i s  the v a lu e  in  g lo b a l  v a r ia b le  ^NKEY.
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2 5 .  PARAGRAPHS Z-TOTALi-WRITE
These paragraphs are  gen era ted  o n ly  i f  th e  t o t a l l i n g  f a c i l i t y  
was invoked and sequence break s u b t o t a l s  were s p e c i f i e d  during  the  
problem d ia lo g u e ,  i . e .  g lo b a l  v a r ia b le s  ;^TOT and ^SUBT are  both  
equal to  1 . A Z-TOTALi-WRITE paragraph i s  gen era ted  fo r  each key  
l e v e l  i  e x cep t  th e  minor k ey .
Each Z-TOTALi-WRITE paragraph c a r r ie s  out two t a s k s ,  the  
COBOL s ta te m e n ts  fo r  which were generated  during the  problem  
s p e c i f y i n g  d ia lo g u e ;
1 . Carry out the  own code p r o c e s s in g ,  i f  any , to be ex ecu ted  
p r io r  to w r i t in g  the  cu rren t sequence break s u b t o t a l s .  The COBOL 
s ta te m e n ts  fo r  t h i s  ta sk  are  lo c a t e d  in  the body o f  the OWNSTLi 
macro and are  r eg e n e r a ted  by making a n e s te d  c a l l  to  the  macro 
(Appendix VII S e c t io n  2 6 ) .
2 .  Write out the  l i n e s  o f  the  sequence break s u b t o t a l s  p r in t  
group fo r  the  cu rren t key  l e v e l  in  the format s p e c i f i e d  by the  
u s e r .  The STLPARAi macro c o n ta in s  the  COBOL s ta te m e n ts  fo r  t h i s  
ta s k ,  where i  i s  the  cu rren t  key l e v e l .  The s ta te m e n ts  may be 
reg e n e r a ted  by making a n e s te d  c a l l  to  th e  macro (Appendix VII  
S e c t io n  2 5 ) .
The g en e ra l  form o f  the s ta te m e n ts  g en era ted  f o r  the  




where i  i s  th e  sequence k ey  l e v e l  and ta k es  the v a lu e s  1 , 2 ,  . . . ,  
n-1 and n i s  the v a lu e  in  g lo b a l  v a r ia b le  ;^NKEY.
oo
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2 6 .  PARAGRAPH Z-TOTALO-WRITE
The Z-TOTALO-IVRITE paragraph i s  p resen t  in  the gen erated  
program o n ly  th e  u ser  invoked the t o t a l l i n g  f a c i l i t y  and 
s p e c i f i e d  t o t q l s  ou tp u t during the  problem d ia lo g u e ,  i . e .  g lo b a l  . 
v a r ia b le s  j^TQ T and jiÿüTOTL are  both equal to  1 ! (S e c t io n  7 , 2 4  o f  
main t e x t ) • - ,
The Z-TOTALO-WRITE paragraph c a r r i e s  o u t  two t a s k s ,  th e  
COBOL s t a t e m e n t s  f o r  w hich  were g e n e r a te d  d u r in g  th e  problem  
s p e c i f y i n g  d ia lo g u e :
1 . Carry out the own code p r o c e s s in g ,  i f  any , to  be 
execu ted  p r io r  to w r i t in g  the f i n a l  t o t a l s .  The COBOL s ta te m e n ts  
fo r  t h i s  ta sk  are  lo c a t e d  in  the body o f  the OWNTOTL macro and 
a re  reg en era ted  by making a n e s te d  c a l l  to  the  macro (Appendix YII 
S e c t io n  2 6 ) .
2 .  W rite  o u t  th e  l i n e s  o f  th e  f i n a l  t o t a l s  p r i n t  g r o u p .
The TOTLPARA macro c o n t a i n s  th e  s ta t e m e n t s  f o r  t h i s  t a s k  and  
t h e y  may be r e g e n e r a t e d  by making a n e s t e d  c a l l  to  th e  macro 
(A ppendix  VII S e c t i o n  2 4 ) .
The form o f  th e  s ta te m e n ts  gen era ted  fo r  t h i s  paragraph i s  
a s  f o l lo w s :
Z-TOTALO-WRITE. ' . •
[OWNTOTL]
[TOTLPARA]
2 7 .  Z-READ-i SECTION
For each in p u t  f i l e  used by the COBOL program a Z-READ-i 
s e c t i o n  i s  g e n e ra ted .  The f i l e s  are  numbered in  the  order  in  
which th ey  arq d e scr ib e d  in  the SUBMODEL^work s u b f i l e .  Thus i  
ta k es  the  v a lq e s  1 to  n , where n i s  the v a lu e  in  g lo b a l  v a r ia b le  
;fGNREL.
oo
Input f i l e s  whose number o f  sequence k eys  i s  equal to  the  
va lu e  in  g lo b a l  v a r ia b le  /^NKEY a r e ,  fo r  the purposes o f  th e  COBOL 
g e n e r a t in g  sysy tem , d e s ig n a te d  ’Master* f i l e s .  Master f i l e s  are  
p r o cessed  in  a d i f f e r e n t  way from non-m aster f i l e s .  In ord er  to  
determ ine whether or  not a f i l e  i s  a m aster f i l e  i t  i s  n e c e s s a r y  
to  in s p e c t  th e  e ig t h  f i e l d  o f  the  F i l e  name type 3 record  in  the  
SUBMODEL s u b f i l e  (Appendix V S e c t io n  3)#  A count o f  the  number 
o f  m aster f i l e s  d e sc r ib e d  in  SUBMODEL i s  m ain ta ined  in  g lo b a l  
v a r ia b le  ;^MSTR. T his  v a lu e  i s  l a t e r  used in  the  g e n e r a t io n  o f  
th e  Z-FETCH-TUPLE s e c t i o n .
In the  p r o c e s s in g  c a r r ie d  out in  each o f  th e s e  s e c t i o n s  a 
record  i s  read from th e  in p u t f i l e .  I f  the end o f  f i l e  i s  
d e te c te d  the e n d .o f  f i l e  in d ic a t o r  (Appendix V III  S e c t io n  6)  
i s  s e t  equal to  1. I f  th e  f i l e  i s  a m aster f i l e  the  v a lu e  o f  
Z-EOF-COUNT i s  increm ented  by 1 when the end i s  reach ed .
The e x e c u t io n  o f  th e se  s e c t i o n s  i s  i n i t i a t e d  by means o f  
PERFORM s ta te m e n ts  w ith in  o th er  s e c t i o n s  o f  the  program. The 
g e n e r a l  form o f  the  s ta te m e n ts  g en era ted  fo r  each s e c t i o n  i s  shown 
below:
Z-READ-i SECTION.
Z-READ-i-1. READ Z-FILE-i AT END GO TO Z-READ-i-2.
GO TO Z-READ-i-EXIT.
Z-READ-i-2. MOVE 1 TO Z-EOF-i.
ADD 1 TO Z-EOF-COUNT.
Z-READ^i-EXIT. EXIT.
where i  i s  thq f i l e  number which ta k e s  the v a lu e s  1 to  n and n i s
th e  v a lu e  in  g lo b a l  v a r ia b le  ;^NREL.
N.B. The ADD qtatem ent in  the  t h ir d  paragraph i s  gen era ted  o n ly  
i f  th e  f i l e  iQ a m aster f i l e .
. . . . » ■ , ; , I
2 8 .  Z-SEQUENQE-BREAK SECTION
The p r o q e s s in g  in  th e  Z-SEQUENCE-BREAK s e c t i o n  d e t e c t s  a 
sequence break in  any key  l e v e l  ex cep t  the minor and c o n t r o l s  th e  
output o f  sequence break s u b t o t a l s  and h e a d in g s ,  i f  s p e c i f i e d .
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The s e c t i o n  c o n s i s t s  o f  p a ir s  o f  paragraphs, one p a ir  fo r  each key  
l e v e l  ex cep t  th e  minor k e y .  These paragraphs are  c a l l e d  Z-BREAK-i 
and Z-BREAK-i-EXIT, where i  d en o tes  th e  key l e v e l .  The s e c t i o n  
c o n c lu d es  w ith  two o th e r  paragraphs, Z-BREAK-MOVE and Z-BREAK-EXIT. 
The g e n e r a l  s t r u c t u r e  o f  t h i s  s e c t i o n  i s  i l l u s t r a t e d  in  F igure
28 . 1 .
The p r o c e s s in g  w ith in  the  p a ir s  o f  Z-BREAK-i and 
Z-BREAK-i-EXIT paragraphs i s  a s  fo l lo w s :
1 . T est to  s e e  i f  th ere  i s  a change in  the  va lu e  o f  th e  key  
a t  the  cu rren t  l e v e l ,  i . e .  compare i t s  va lue  in  the  Z-TUPLE-N and 
Z-CONTROL-BREAK groups. I f  the v a lu e s  are th e  same co n tin u e  
p r o c e s s in g  a t  s t e p  7 ,  o th er w ise  con tin u e  below .
2 ,  I f  own code p r o c e s s in g  was s p e c i f i e d  fo r  e x e c u t io n  a t  a 
sequence break in  th e  cu rren t key  l e v e l ,  ca rry  out t h i s  p r o c e s s in g .  
The COBOL s ta te m e n ts  fo r  t h i s  own code p r o c e s s in g  were g en era ted  
during th e  problem s p e c i f y i n g  d ia lo g u e  and are  lo c a t e d  in  th e  
OWNSBHi macro, where i  i s  th e  cu rren t  key  l e v e l .  These COBOL 
s ta te m e n ts  are  r eg e n e r a ted  by making a n e s te d  c a l l  to  the  OWNSBHi 
macro (Appendix VII S e c t io n  2 6 ) .
3* Carry out the  sequence break s u b t o t a l s  p r o c e s s in g  fo r  
(Y) the cu rren t key l e v e l  and a l l  l e v e l s  minor to  i t .  These are
ex ecu ted  in  minor to  major key  seq u en ce . The COBOL s ta te m e n ts  
fo r  t h i s  s t e p  are  gen era ted  o n ly  i f  the t o t a l l i n g  f a c i l i t y  has  
G been in v o k ed , i . e .  g lo b a l  v a r ia b le  ;^TOT i s  equal to  1.
- 4 .  Move the in p u t  data i te m s  from the Z-TUPLE-N group to
th e  Z-TUPLE group.
5* Update th e  v a lu e s  o f  th e  k eys  in  the  Z-CONTROL-BREAK 
group by s e t t i n g  them equal to  th o se  in  the Z-TUPLE group.
6 .  Output th e  sequence break headings fo r  th e  cu rren t  
key l e v e l  end a l l  k eys  minor to  i t .  The COBOL s ta te m e n ts  f o r  t h i s  
s t e p  a r e  gen era ted  o n ly  i f  sequence break h ead in gs  were s p e c i f i e d
oo
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by the  u se r  during th e  problem d ia lo g u e ,  i . e .  g lo b a l  v a r ia b le  
j^EEAD i s  equal to  1 (S e c t io n  7*22 o f  main t e x t ) ,
7# E x it  from th e  p r o c e s s in g  a t  the  cu rren t key  l e v e l .
The Z-BREAK-MOVE paragraph i s  executed  when th ere  i s  no 
sequence break in  th e  in p u t d a ta .  I t  ca u ses  the  data from th e  
Z-TUPLE-N group to  be moved to th e  Z-TUPLE group read fo r  
p r o c e s s in g .
The Z-BREAK-EXIT paragraph c o n s i s t s  o n ly  o f  an EXIT s ta tem en t  
and p r o v id es  a common end to  the  p r o c e s s in g  paths  w ith in  th e  
s e c t i o n .
The g e n e ra l  form o f  the  COBOL sta tem en ts  gen erated  fo r  th e  
Z-SEQUENCE-BRÇAK s e c t i o n  i s  a s  f o l l o w s .  The KEYDICT common data  
s u b f i l e  (Appendix V S e c t io n  5) i s  r e fer en ce d  in  order  to  r e l a t e  
th e  sequence l^ey l e v e l  to  th e  corresp on d in g  key  name.
- Z-SEQUENCE-BREAK SECTION.
Z-BREAK-i.
IF k e y - i  IN Z-TUPLE-N EQUALS k e y - i  IN
Z-QONTROL-BREAK GO TO Z-BREAK-i-EXIT.
[OWNSBHi]
PERFORM Z-TOTALj THRU Z-TOTALi.
MOVE CORRESPONDING Z-TUPLE-N TO Z-TUPLE.
MOVE CORRESPONDING Z-TUPLE TO Z-CONTROL-BREAK.




Z-BREAK-MOVE. MOVE CORRESPONDING Z-TUPLE-N TO Z-TUPLE. 
Z-BREAK-EXIT. EXIT.
where
i  i s  th e  sequence break key  l e v e l  which ta k e s  the  v a lu e s  1 to
n - 1 ,  where n i s  th e  v a lu e  in  g lo b a l  v a r ia b le  ;^NKEY
and
j i s  equal to  n - 1 ,  where n i s  th e  va lu e  i n  g lo b a l  v a r ia b le
/^NKEY.
k e y - i  i s  th e  name o f  the  i t h  sequence key  a s  found in  th e  i t h  
record  o f  th e  KEYDICT s u b f i l e .
oo
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N.B . When n ii^ equal to  2 th e  THRU o p t io n  i s  o m itted  from th e  
PERFORM' Z-TOTAL1 s ta te m e n t .
2 9 .  Z-FETCH-TUPLE SECTION
The p r o c e s s in g  c a r r ie d  out in  t h i s  s e c t io n  matches the  
rec o r d s  from the v a r io u s  in p u t  f i l e s  and from them s e l e c t s  th e  
data fo r  th e  cu rren t tu p le  in  th e  Z-TUPLE-N group. I t  a l s o  
d e t e c t s  when a l l  the  in p u t  data has been p ro cessed  and h a n d le s  the  
f i l e  mismatch c o n d it io n  a cco rd in g  to  the  o p t io n  s e l e c t e d  by th e  
u ser  during  the problem d ia lo g u e  ( S e c t io n  7«13 o f  main t e x t ) .
The th ree  main ta s k s  w ith in  the  s e c t io n  are  l i s t e d  below  
to g e th e r  w ith  th e  name o f  the  paragraph a t  which th e  ta sk  
p r o c e s s in g  b e g in s :
1 .  End o f  data t e s t  (Z-END-OF-DATA-TEST).
2 .  S e t  tu p le  k eys  (Z-SET-TUPLE-KEY).
3* S e t  up non-key tu p le  data end p r o c ess  f i l e  mismatch  
c o n d it io n  ( Z-SET-TUPLE-DATA-1) .
The COBOL s ta te m e n ts  g en era ted  fo r  p r o c e s s in g  each in p u t  
f i l e  depend on whether or n ot th e  f i l e  i s  a Master f i l e  ( S e c t io n  27 
o f  t h i s  a p p en d ix ) .  In order  to  g en era te  the s ta te m e n ts  fo r  t h i s  
s e c t i o n  r e fe r e n c e  i s  made to  the  data in  the  SUBMODEL, KEYDICT and 
DOMAININDEX common data s u b f i l e s .
The f o l l o w in g  s ta tem en t i s  gen era ted  to  d e f in e  th e  s e c t i o n :  
Z-FETCH-TUPLE SECTION.
3 0 .  PARAGRAPH Z-END-OF-DATA-TEST
When a l l  th e  r eco rd s  on a l l  th e  m aster f i l e s  have been read  
and p rp cessed  the end o f  data i s  deemed to  have been r e a c h e d .
T his  cpnditioi^ i s  d e te c te d  by t e s t i n g  the Z-EOF-COUNT v a r ia b le  
which i s  increm ented  by 1 each tim e th e  end o f  a m aster f i l e  i s
oo
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r e a c h e d  ( S e c t i o n  27 o f  t h i s  a p p e n d i x ) .  I f  Z-EOF-COUNT i s  e q u a l  
t o  t h e  v a l u e  i n  g l o b a l  v a r i a b l e  ;^MSTE th e n  c o n t r o l  i s  p a s s e d  to  
t h e  Z-FINAL s e c t i o n . I f  t h e  end o f  d a ta  h a s  n o t  b e e n  r e a c h e d  th e  
Z-IGNORE s w i t c h  i s  t u r n e d  o f f  by  m oving  a z e r o  t o  i t .
The COBOL s t a t e m e n t s  g e n e r a t e d  f o r  t h i s  p a r a g r a p h  a r e  a s  
f o l l o w s :
Z-END-OF-DATA-TEST. IF  Z-EOF-COUNT EQUALS m GO TO Z-FINAL. 
MOVE 0 TO Z-IGNORE.
w h ere  m i s  t h e  v a l u e  i n  g l o b a l  v a l u e  j^MSTR, i . e .  t h e  num ber o f
m a s t e r  f i l e s  u s e d  b y  t h e  p ro g ra m .
31.. PARAGRAPH Z-SET-TUPLE-KEY
I n  t h i s  p a r a g r a p h  t h e  s e q u e n c e  k e y s  o f  a l l  t h e  m a s t e r  f i l e s  
a r e  co m p ared  i n  o r d e r  t o  f i n d  t h e  f i l e  w i th  t h e  l o w e s t  k e y .  The 
k e y  v a l u e s  f rom  t h i s  f i l e  a r e  moved to  t h e  k e y  i t e m s  i n  t h e  
Z-TUPLE-N g r o u p .
The f l o w c h a r t  i n  F i g u r e  31*1 shows t h e  o u t l i n e  p r o c e s s i n g  
f o r  t h e  a b o v e  t a s k  when more th a n  one  m a s t e r  f i l e  i s  u s e d  b y  t h e  
g e n e r a t e d  p ro g ra m .  I f  o n l y  one m a s t e r  f i l e  i s  u s e d  t h e  f l o w c h a r t  
c a n  be  s i m p l i f i e d  so  t h a t  o n l y  t h e  b lo c k  m arked  w i t h  an  a s t e r i s k  
i s  r e t a i n e d .
. I n  t h e  s i m p l i f i e d  c a s e  w i t h  o n l y  one m a s t e r  f i l e  t h e
f o l l o w i n g  show s t h e  g e n e r a l  form  o f  t h e  COBOL s t a t e m e n t s  g e n e r a t e d
f o r  t h e  Z-SET-TUPLE-KEY p a r a g r a p h :
Z-SET-TUPLE-KEY.
MOVE k e y - 1  IN Z-INRECx TO k e y -1  
IN Z-TUPLE-N.
MOVE k e y - 2  IN Z-INRECx TO k e y - 2  
- IN Z-TUPLE-N.
MOVE k e y - n  IN Z-INRECx TO k e y - n  
IN Z-TUPLE-N.
w here  t h e  m a s t e r  f i l e  i s  t h e  x t h  f i l e  d e s c r i b e d  i n  t h e  SUBMODEL 
common d a t a  s u b f i l e .
K e y -1 ,  k e y - 2 ,  . . . ,  k e y - n  a r e  t h e  k e y  nam es f rom  t h e  KEYDICT s u b f i l e
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F igu re  31*1 O u tlin e  p r o c e s s in g  fo r  s e t t i n g  th e Tuple k ey s
F ir s t
M aster
f i l e
R epeat fo r  
subsequent 
M aster 
















a n d  n i s  t h e  num ber o f  s e q u e n c e  k e y s  a s  c o n t a i n e d  i n  g l o b a l  
v a r i a b l e  ^N K E Y .
When more t h a n  one m a s t e r  f i l e  i s  u s e d  t h e  g e n e r a l  form  o f  
t h e  COBOL s t a t e m e n t s  g e n e r a t e d  f o r  s e t t i n g  up t h e  t u p l e  k e y  i s  a s  
f o l l o w s :
Z-SET-TUPLE-KEY. ^
IF  Z-EOF-x EQUALS 1 GO TO Z-SET-EIGH-KEY. 
MOVE k e y -1  IK Z-INRECx TO k e y -1  
IK Z-TUPLE-N.








MOVE h i g h - c o n s t a n t  TO k e y -1  IN Z-TUPLE-N. 
MOVE h i g h - c o n s t a n t  TO k e y - 2  IN Z-TUPLE-N.
II
\
MOVE h i g h - c o n s t a n t  TO k e y - n  IN Z-TUPLE-N. 
Z-SET-CONTINUE. EXIT.
y
F i r s t  
ma s t e r  
f i l e
J
O th e r  
\ m a s t e r  
f  f i l e s
w h ere
Z-KEYS-y. IF  Z-EOF-y EQUALS 1 GO TO Z -K E Y S-y-E X Il))  
IF  k e y -1  IN Z-INRECy GREATER THAN 
k e y -1  IN Z-TUPLE-N GO TO Z-KEYS-y-EXIT.
IF  k e y - 1  IN Z-INRECy LESS THAN 
k e y -1  IN Z-TUPLE-N GO TO Z-MOVE-y-1.
I F  k e y - 2  IN Z-INRECy GREATER THAN 
k e y - 2  IN Z-TUPLE-N GO TO Z-KEYS-y-EXIT.
I F  k e y - 2  IN Z-INRECy LESS THAN 




IF  k e y - n  IN Z-INRECy GREATER THAN 
k e y - n  IN Z-TUPLE-N GO TO Z-KEYS-y-EXIT.
IF  k e y - n  IN Z-INREXy LESS THAN 
k e y - n  IN Z-TUPLE-N GO TO Z-MOVE-y-n.
GO TO Z-SET-KEYS-y-EXIT.
Z-MOVE-y-1. MOVE k e y -1  IN Z-INRECy TO 
k e y -1  IN Z-TUPLE-N.
Z-MOVE-y-2. MOVE k e y - 2 IN Z-INRECy TO 




Z-MOVE-y-n. MOVE k e y - n  IN Z-INRECy TO 
k e y - n  IN Z-TUPLE-N.
Z-KEYS-y-EXIT. EXIT. y
d e n o t e s  t h e  num ber o f  t h e  f i r s t  m a s t e r  f i l e  d e s c r i b e d  i n  t h e  
SUBMODEL common d a t a  s u b f i l e .
oo
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y d en o tes  th e number o f  a subsequent m aster f i l e  d escr ib ed  in  
th e  SUBMODEL s u b f i l e .  
k e y -1 , k e y -2 , • • • ,  k ey -n  are  th e  key names from th e KEYDICT s u b f i l e  
, and n i s  th e  number o f  sequence k eys a s  co n ta in ed  in  g lo b a l
v a r ia b le  ;^NKEY. The k eys a re  in  major to  minor key o r d e r , 
h ig h -c o n s ta n t  i s  th e  f ig u r a t iv e  c o n sta n t HIGH-VALUES when th e  key  
i s  o f  alphanum eric ty p e . For a numeric typ e key i t  i s  a 
num eric l i t e r a l  such th a t  a l l  d i g i t  p o s i t io n s  o f  th e  tu p le  
k ey  f i e l d  w i l l  be f i l l e d  w ith  9 * s . The ty p e , le n g th  and 
d ecim al p o in t  lo c a t io n  o f  th e  k ey  f i e l d  i s  d e scr ib e d  in  i t s  
DOMAININDEX s u b f i l e  r ec o r d .
3 2 . PARAGRAPH Z-SET-TUPLE-DATA-1.
In th e  Z-SET-TUPLE-DATA-1 and subsequent paragraphs th e  k eys  
in  th e  in p u t f i l e  r eco rd s  a re  matched a g a in s t  th e  k eys in  th e  
Z-TUPLE-N group. I f  a f i l e  reco rd  w ith  m atching k ey s  e x i s t s  th e  
non -key item s are  moved from th e  record  to th e  co rresp o n d in g  item s  
in  th e  Z-TUPLE-N group. I f ,  fo r  any f i l e ,  a m atch ing key  record  
cannot be fouqd, th e  erro r  o p tio n  s e le c t e d  by th e  u se r  i s  c a r r ie d  
o u t (S e c t io n  7«13 o f  main t e x t ) .
During %he sea rch  fo r  m atching reco rd s more than one p a ss  
through a non^master f i l e  may be r e q u ir e d , but fo r  m aster f i l e s  
o n ly  ope p a ss  i s  made. The f i l e s  are p ro cessed  in  th e  ord er in  
which th ey  arq d e scr ib e d  in  th e  SUBMODEL s u b f i l e .  The p r o c e s s in g  
o f  m aster and non-m aster f i l e s  d i f f e r s  end th e  d e t a i l s  are  
i l l u s t r a t e d  ip  F ig u res  3 2 .1  and 3 2 .2 .  When o n ly  one m aster f i l e  
i s  r eq u ired  to  s o lv e  th e problem , th e  flo w ch a rt can be s im p l i f ie d  
so  th a t  o n ly  th e  b lo c k s  marked w ith  an a s t e r i s k  are  r e t a in e d .
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Figure )2.1 Outline processing for setting up tuple date from a.
meter f i le  ,
E* SE *T- To PLE-bATA* f
E -K oME*P*'£xXT
E x X T
Mo/6 ^
CoA&&SAoMD%j4G; 
No^ X'K&y irgNis 
FROM F ree RECORD 
T O  2 - T u p L L - W
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The g en era l form o f  th e  COBOL sta tem en ts  gen era ted  to  p r o c ess
a m aster f i l e  i s  a s  fo llo w s ;
Z-SET-TUPLE-p.
IF Z-EOF-p EQUALS 1 GO TO Z-OPTION-p.
IF key -1  IN Z-INRECp NOT EQUAL TO 
key-1  IN Z-TUPLE-N GO TO Z-OPTION-p.
IF k e y -2  IN Z-INRECp NOT EQUAL TO 
k ey -2  IN Z-TUPLE-N GO TO Z-OPTION-p.
' j ,
IF k ey-n  IN Z-INRECp NOT EQUAL TO 
k ey-n  IN Z-TUPLE-N GO TO Z-OPTION-p.
MOVE item -8  IN Z-INRECp TO item -a  
IN Z-TUPLE-N.







(S ee  S e c t io n  33 o f  t h i s  appendix fo r  th e  code 
g e n e r a te d .)
Z-MOVE-p-EXIT. EXIT.
where
p i s  th e  number o f  th e  m aster f i l e  d e s c r ip t io n  in  th e  SUBMODEL 
s u b f i l e .
k e y -1 1 k e y -2 , • • . ,  k ey -n  a re  th e  key  names from th e  KEYDICT s u b f i l e  
and n i s  th e  number o f  seq uence k eys a s  co n ta in ed  in  g lo b a l  
v a r ia b le  ;^NKEY. The k ey s  are  in  major to  minor key  o r d e r , 
i t e m -a , ite m -b , e tc  are  th e  names o f  th e  non -key f i e l d s  in  th e  
p a s te r  f i l e  record  which a re  req u ired  to  s o lv e  th e  u s e r ’s  
problem , i . e .  o n ly  th o se  non-key f i e l d s  whose names appear  
in  both  th e  SUBMODEL end DOMAININDEX s u b f i l e s .
When th^ u s e r ’s  problem u se s  o n ly  one m aster f i l e  th e  COBOL 
co d in g  gen era ted  s i m p l i f i e s  to  th e  fo llo w in g  form:
: Z-SET-1?UPLE-DATA-p. • : i:
MOVE item -8  IN Z-INRECp TO item -a  
IN Z-TUPLE-N.







For 8 non-master file the general form of the COBOL
s ta te m e n ts  gen erated  i s  a s  fo l lo w s :
Z-SET-TUPLE-DATA-q.
IF Z-EOF-q EQUALS 1 GO TO Z-OPTION-q.
Z-MATCH-q.
IF k e y -r  IN Z-INRECq GREATER THAN 
k e y -r  IN Z-TUPLE-N GO TO Z-OPTION-q.
IF k e y -r  IN Z-INRECq LESS THAN 
k e y -r  IN Z-TUPLE-N GO TO Z-FETCH-q.
IF k e y -s  IN Z-INRECq GREATER THAN 
k e y -s  IN Z-TUPLE-N GO TO Z-OPTION-q.
IF k e y -s  IN Z-INRECq LESS THAN 
k e y -r  IN Z-TUPLE-N GO TO Z-FETCH-q.
I  ■ :
' - I
MOVE item -8  IN Z-INRECq TO item -a  
IN Z-TUPLE-N.







IF Z-EOF-q EQUALS 0 GO TO Z-MATCH-q.




(S ee  S e c t io n  33 o f  t h i s  appendix fo r  th e  code  
g e n e r a te d .)
Z-MOVE-q-EXIT. EXIT.
where
q i s  th e  number o f  th e  non-m aster f i l e  d e s c r ip t io n  in  th e  
SUBMODEL s u b f i l e ,  
k e y - r ,  k e y - s ,  e tc  a re  th e  names o f  th e  key f i e l d s  used  to  seq uence  
th e  non-m aster f i l e  r e c o r d s . The k eys a re  in  major to  minor 
key  o rd er .
i t e m - a , ite m -b , e tc  are  th e  names o f  th e non-key f i e l d s  in  th e
non-m aster f i l e  record  which are  req u ired  to  s o lv e  th e  u s e r ’s  
problem , i . e .  o n ly  th o se  n on -k ey  f i e l d s  whose names appear  
in  both  th e  SUBMODEL and DOMAININDEX s u b f i l e s .
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33. PARAGRAPH Z-OPTION-i
The COBOL s ta te m e n ts  gen era ted  fo r  th e 2-OPTION-i paragrap h s,
where i  d en o tes  th e  i t h  f i l e  d e scr ib e d  in  th e  SUBMODEL s u b f i l e ,
depend on th e  mismatch o p tio n  s e le c t e d  by th e  u se r  du ring th e
problem s p e c if y in g  d ia lo g u e  (S e c t io n  7.13  o f  main t e x t ) .  The
s e le c t e d  o p t io n  i s  in d ic a te d  by th e  c o n te n ts  o f  g lo b a l v a r ia b le s
j^ CtMOP and f^OOPT and s t r in g  v a r ia b le  ;^ 05 .
I f  g lo b a l v a r ia b le  ;fÙMOP i s  eq u a l to  'Y* th e  u ser  w ish es  a
m essage to  be ou tp u t when a f i l e  mismatch c o n d it io n  i s  d e te c te d .
In t h i s  c a se  th e fo l lo w in g  sta te m e n ts  are  gen era ted  fo r  th e
Z-OPTION-i paragraph;
Dli^PLAY " rela  tion-nam e*', "error-m essa g e ",
“KEY VALUES k e y -r
, k e y -s  '
- UPON-TEST-PRINTER. !
where
r e la tio n -n a m e  i s  th e  F ile-n am e a s  d escr ib ed  in  th e  SUBMODEL 
s u b f i l e ,
error-m essage  i s  th e  t e x t  co n ta in ed  in  s t r in g  v a r ia b le  4 ^ 0 ^ ,  
k e y -r ,  k e y - s ,  e tc  a re  th e  names o f  th e  k eys u sed  to  seq uence th e  
Q  f i l e  in  which th e  mismatch c o n d it io n  i s  d e te c te d . The k ey s
a re  l i s t e d  in  major to  minor o r d e r .
The DISPLAY s ta te m e n t, i f  g en era ted , i s  fo llo w e d  by th e  
sta te m e n ts  which p r o c e ss  th e  mismatch c o n d it io n  a cco rd in g  to  th e  
u se r  s e le c t e d  o p t io n . I f  #K)PT i s  equal to  1 th e  u ser  w ish e s  to  
ig n o r e  th e  mismatch c o n d it io n  and co n tin u e  p r o c e s s in g  th e  data 
f i l e s ,  in  t h i s  c a se  th e  fo l lo w in g  COBOL sta tem en t i s  g en era ted :  
MOVE 1 TO Z-IGNOREo 
I f  g lo b a l  v a r ia b le  ;^OPT i s  eq u a l to  2 th e  u se r  w ish es  to  
c r e a te  a dummy m atch ing reco rd  w ith  numeric n on -k ey  item s
oo
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c o n ta in in g  z er o s  and alphanum eric non-key item s c o n ta in in g  blanks#
To im plem ent t h i s  o p t io n  th e  fo l lo w in g  s ta tem en ts  a re  g en era ted :
MOVE f ig u r a t iv e - c o n s t a n t  TO item -a  IN Z-TUPLE-N#
MOVE f ig u r a t iv e - c o n s t a n t  TO item -b  IN Z-TUPLE-N.
V ' . . I ;  •
where
i t e m - 8 , ite m -b , e tc  a re  th e names o f  th e non-key f i e l d s  in  th e  
record  o f  th e  f i l e  which are  req u ired  to  s o lv e  th e  u s e r ’s  
problem^ i . e .  o n ly  th o se  non-key f i e l d s  which appear in  both  
th e  SUBMODEL and DOMAININDEX s u b f i l e s ,  
f ig u r a t iv e -c o q e ta n t  i s  ZEROS fo r  a numeric n on -k ey  f i e l d  end SPACES 
fo r  an alphanum eric non-key f i e l d .  The f i e l d  typ e  i s  
determ iqed from th e  F ie ld  d e s c r ip t io n  reco rd  in  th e  SUBMODEL 
s u b f i l e .
I f  ; 0^OPT i s  eq u a l to  3 th e  u se r  w ish es to  term in a te  th e  
p r o c e s s in g  o f  th e d a ta . T h is o p t io n  i s  im plem ented by th e  
g e n e r a t io n  o f  th e  fo llo w in g  s ta tem en t:
GO TO Z-CLOSE-DOWN.
3 4 . END OF PROGRAM
The f i n a l  s ta tem en t g en era ted  fo r  th e COBOL program c o n s i s t s  
o f  fou r a s t e r i s k s .  T h is sta tem en t in d ic a t e s  to  th e  COBOL co m p iler  
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APPENDIX IX
DIALOGUE SAMPLES
T his appendix c o n ta in s  d ia lo g u e  sam ples fo r  th e  COBOL rep o rt  
program g e n e ra tio n  sy stem . S e c t io n s  1 to  18 show th e d ia lo g u e  
c a r r ie d  ou t w ith  th e  c a su a l u ser  fo r  the s p e c i f i c a t io n  o f  th e  model 
problem d e scr ib e d  in  S e c t io n  5*9 o f  th e main t e x t .  Each s ta g e  o f  
th e problem s p e c i f i c a t io n  i s  shown in  a sep a ra te  s e c t io n .  S e c t io n s  
19 to  23 co n ta in  sam ples o f  th e d ia lo g u e  w ith  th e  data base  
a d m in is tr a to r  produced by th e  c a ta lo g u e  m aintenance m acros.
(2 )  N .B . The type fa c e  o f  th e  t e le t y p e  on which th e s e  l i s t i n g s  were
produced ca u ses  £  to  appear a s  ^ and ^ to  appear a s  \ .
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1. STAGE 1
STAGE 1 -  I N T R O D U C T I O N
T H I S  SYSTEM I S  A S E L F - T E A C H I N G  COBOL PROGRAM G E N E R A T O R .
BY MEANS OF A Q U E S T I O N  AND ANSWER D I A L O G U E  T HE  SYSTEM W I L L  E NAB L E  YOU TO
S P E C I F Y  BOTH YOUR PROBLEM AND THE DATA TO B E  U S E D .  THE SYSTEM W I L L  THEN
G E N E R AT E  A COBOL PROGRAM TO P R O V I D E  YOU WI TH YOUR A N S W E R S .
I F  AT ANY T I M E  D U R I N G  T HE  D I A L O G U E  YOU WI S H  TO CHANGE YOUR MI ND ABOUT AN
O
SHOULD YOUD E C I S I O N  OR R E Q U I R E  A S S I S T A N C E  P L E A S E  T Y P E  %HELP 
ABANDON THE S E S S I O N  P L E A S E  T Y P E  CT R L  A I N S T E A D .  
I N S T A N C E S  THE SYSTEM O F F E R S  YOU A D E F A U L T  R E S P O N S E  TO A 
TO TAKE ADVANTAGE O F  T H I S  O P T I O N  YOU MERELY P R E S S  THE
E A R L I E R  
WI S H TO 
I N MANY I 
QI I ESTI  O N .
KEY ON YOUR T E R M I N A L  K E Y B O A R D .
THE SYSTEM T A K E S  A R E L A T I O N A L  V 
THE DAT AB AS E  I S A  C O L L E C T I O N  OF 
S O L U T I O N  OF A P R O B L E M .
THE DAT AB AS E  I S  MADE UP O F  D O M A I N S j
A C C E P T
EW OF THE D A T A B A S E .
S TORED DATA A V A I L A B L E  F O R  US E I N T HE
EACH OF WHI CH C O N T A I N S  A S E T  OF DATA
I T E M S  R E L A T I N G  TO A P A R T I C U L A R  A T T R I B U T E .
E . G .  AN E MP L O Y E E - N A ME  DOMAI N C O N T A I N S  THE  S ET OF ALL EMP LOYEE NAMES AND 
A D E P A R T M E N T - N O  DOMAI N C O N T A I N S  T H E  SET OF ALL DE P ART ME NT  N U MB E R S .
O
A D I F F E R E N T  NUMBER OF I T E M S  MAY BE P R E S E N T  I N  EACH DOMAI N S E T .
A R E L A T I O N  MAY BE D E F I N E D  ON S E VE R AL  DOMAI NS  SUCH THAT F OR  EVERY I TEM 
I N ONE DOMAI N OF THE  R E L A T I O N  T H E R E  E X I S T S  ONE AND ONLY ONE 
C O R R E S P O N D I N G  I TEM I N  EACH OF THE OTHER DOMAI NS  I N  THE R E L A T I O N .
E . G .  A P E R S O N N E L  R E L A T I O N  MAY B E  D E F I N E D  ON THE DOMA I N S  E M P L O Y E E - N A M E ,  
A D D R E S S  AND D E P A R T M E N T - N O . T H U S  EACH EMP L OYE E  B E L O N G S  TO ONLY ONE 
DEPARTMENT AND L I V E S  AT ONE A D D R E S S ,  ALTHOUGH S E V E R A L  E M P L O Y E E S  
MAY BELONG TO THE  SAME D E P A R T ME N T  OR L I V E  AT T HE  SAME A D D R E S S .
THE E A S I E S T  WAY TO V I S U A L I S E  T HE  DATA I N A R E L A T I O N  I S  I N TABULAR F O R M ,
IVHERE THE DOMAI N NAMES P R O V I D E  T H E  COLUMN H E A D I N G S  AND T HE  I T E M S  FROM 
EACH DOMAIN S E T  P R O V I D E  T H E  ROW E N T R I E S .
THUS T H E  DATA I N  T H E  P E R S O N N E L  R E L A T I O N  M E N T I O N E D  ABOVE COULD B E  
C O N S I D E R E D  AS A T A B L E  OF WHI CH T H E  F OL L OWI NG I S  AN E XTRACT : -  
P E R S O N N E L  R E L A T I O N





J O N E S
R I L E Y
SCOTT
A . B .
L . M .
C . D . E . 
T .
S . M .  
P . J .
1 2 4  H I G H  S T R E E T ,  SOUTHTON 
! 2 4  H I G H  S T R E E T ,  SOUTHTON 
I 31 M I L L  L A N E ,  WESTHAM 
! 4 CHURCH ROAD,  E A S T L E Y  
I THE C R E S T ,  H I L L  R I S E ,  NORTHAM 








THE GENERATED COBOL PROGRAM W I L L  R E T R I E V E  YOUR DATA I N  SUCH A WAY T HAT  
YOU MAY C O N S I D E R  T HE  DATA I N  T HE  R E L A T I O N  T A B L E  TO B E  A V A I L A B L E  ON A 
ROW BY ROW B A S I S ,  ONE ROW AT A T I M E .
2. STAGE 2
STAGE 2  -  PASSW;ORO D I A L O G U E
A C C E S S  TO THE SYSTEM DAT ABAS E  I S  BY MEANS OF A R E L A T I O N  NAME AND I T S  
A S S O C I A T E D  P A S S WO R D ,  THE R E L A T I O N  NAMES AND PAS S WORDS  ARE ALLOCATED BY 
THE DAT ABAS E  ADM 1 NI S T R A T O R , TQ WHOM AN A P P L I C A T I O N  TO U S E  THE SYSTEM 
SHOULD BE MADE.  DATA FROM MORE THAN ONE R E L A T I O N  MAY BE R E Q U E S T E D  TO 
SOLVE YOUR P R O B L E M.
p l e a s e  t y p e  t h e  NAME OF THE F I R S T  R E L A T I O N  WHOSE DATA 
YOU W | S H  TO A C C E S S  ‘
Î - P E R S O N N E L
P L E A S E  TYPE THE PASSWORD F O R  R E L A T I O N  ^ P ERS ONNEL 
Î-PERS3
HA\/E YOU ANY MORE R E L A T I O N S  TO E N T E R ?  P L E A S E  T Y P E  Y F O R  Y E S  OR N 
O  FOR NO.  THE D E F A U L T  R E P L Y  I S  NO.
: - Y
P L E A S E  TYP E  THE NAME OF THE NEXT R E L A T I O N  WHOSE DATA 
YOU W I S H  TO A C C E S S  
: - S T A F F  -
P L E A S E  T Y P E  THE PASSWORD F O R  R E L A T I O N  S T A F F  
: - S T A F F A
h a v e  y o u  ANY MORE R E L A T I O N S  TO E N T E R ?  P L E A S E  T Y P E  Y F O R  Y E S  OR N 
FOR NO.  THE D E F A U L T  R E P L Y  I S  N O .: -r •—
P L E A S E  T Y P E  T HE  NAME OF THE NEXT R E L A T I O N  WHOSE DATA 
YOU W I S H  TO A C C E S S  
; - DE P AR T ME NT
P L E A S E  T Y P E  THE PASSWORD F OR  R E L A T I O N  DEP ARTMENT 
Î - D E P T 4
HAVE YOU ANY MORE R E L A T I O N S  TO E N T E R ?  P L E A S E  T Y P E  Y F O R  Y E S  OR N 
FOR N O .  THE D E F A U L T  R E P L Y  I S  N O .




3 # STAGE- 3
S T A G E  3 -  U S E R S  DAT A B A S E  SUBMODEL
THE DOMAI NS I N  EACH R E L A T I O N  O F  YOUR DAT A B A S E  W I L L  B E  SHOWN BELOW 
T OGE T HE R WITH D E T A I L S  OF T HE  S I Z E  AND T Y P E  OF THE  I T E M S  THEY C O N T A I N  
THE S I Z E  I N D I C A T E S  THE NUMBER OF C H A R A C T E R S  I N  EACH I TEM OF T H E  DOMAI N 
AND T H E  T Y P E  SHOWS I F  THEY ARE N U M E R I C ( N )  OR A L P H A N U M E R I C ( A ) . THE 
D E C I M A L  P O I N T  OF A NUMERI C I TEM I S  ASSUMED TO B E  A F T E R  THE R I G H T - M O S T  
CHARACTER U N L E S S  O T H E R W I S E  I N D I C A T E D . T HE  P O I  NT LOCATI  ON SHOWS THE 
D I R E C T I O N ,  L E F T ( L )  OR R I G H T ( R ) ,  T O G E T H E R  WI TH A CHARACTER COUNT 
R E L A T I V E  TO T H E  R I G H T - M O S T  C H A R A C T E R .
E . G .  I TEM S I Z E  P O I N T  L O C A T I O N  I TEM C O N T E N T S  NUMERI C VALUE OF CO N T E N T S  
5 L 2  1 7 4 6 3  1 7 4 . 6 3
3 R 3  4 6 8  4 6 8 0 0 0 .
WHERE DATA FROM A R E L A T I O N  I S  R E A D I L Y  A V A I L A B L E  I N  AN ORDERED S E Q U E N C E ,
THE KEY DOMA I N S  WHICH D E T E R M I N E  THAT S E QUENCE W I L L  AL S O B E  L I S T E D  I N  
O R D E R ,  S T A R T I N G  WI T H THE MAJ OR KEY ( K E Y  N O .  1)  AND F I N I S H I N G  WI TH T H E  
MI NOR K E Y .
AME DE P AR T ME NT  
D OMAI NS  W I T H I N  T HE  R E L A T I O N
L O C A T I O N
R E L A T I O N  N
D E T A I L S  OF 
DOMAI N NAME I TEM S I Z E T Y P E  P O I N T
D E P T - N O 2 N
D E P T - n a m e 2 0 A
D E P T - L O C 2 0 A
DE P T - MANAGE R 2 0 A
KEY NO.  k e y  d o m a i n  NAME
1 D E P T - N O
R E L A T I O N  NAME P E R S O N N E L
D E T A I L S  OF DOMA I N S  I N  T H E  R E L A T I O N
DOMAIN NAME I TEM S I Z E T Y P E  P O I  NT
E MP L O Y E E - N O 4 N
ADDR E S S 4 0 - A
SEX ' 1 A
M A R I T A L - S T 1 A
J O I N - Y E A R 2 N
J O I N - M O N T H 2 N
J O I N - D A Y 2 N _
KEY N O .  k e y  d o m a i n  NAME
1 E M P L O Y E E - N O
R E L A T I O N  NAME S T A F F
D E T A I L S  OF D O MA I N S  W I T H I N  T H E  R E L A T I O N
DOMAI N NAME I TEM S I Z E T Y P E  P O I N T
D E P T - N O 2 N
E M P L O Y E E - N O 4 N
E MP L OYE E - NAME 2 0 A .
KEY N O .  DOMAI N NAME
1 D E P T - N O
2  E MP L O Y E E - N O
L O C A T I O N
L O C A T I O N
o4. STAGE 4
STAGE 4 -  S E L E C T I O N  OF R E L EVANT DOMAI NS
YOUR DATA B A S E  C O N T A I N S  A NUMBER OF  DOMAINS.  NOT ALL OF WHI CH MAY BE 
R E Q U I R E D  TO SOLVE YOUR CURRENT P R O B L E M .  THE SYSTEM I S  ABOUT TO L I S T  THE
CONT E NT S  OF YOUR D A T A B A S E  DOMAI N BY DOMAI NJ  A F T E R  EACH DOMAIN YOU 
W I L L  BE ASKED WHETHER OR NOT THE  CURRENT DOMAIN F E A T U R E S  I N YOUR 
P R O B L E M .
SHOULD YOU SO D E S I R E ,  THE S YSTEM W I L L  AUT OMAT I CAL L Y ACCUMULATE A T OT A L  
FOR THE I T E MS  R E T R I E V E D  FROM ANY NUMERI C D O M A I N .  YOU W I L L  B E  ASKED TO 
I N D I C A T E  I F  YOU WI SH TO A V A I L  Y O U R S E L F  OF T H I S  F E A T U R E .
ADDRES S
DOES  THE ABOVE DOMAI N F E A T U R E  I N  YOUR P R O B L E M?  P L E A S E  T Y P E  Y F O R  Y E S  OR
N F OR  N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
; - N
D E P T - L O C
DOES THE ABOVE DOMAI N F E A T U R E  I N  YOUR P ROBLEM?  P L E A S E  T Y P E  Y F O R  Y E S  OR
N FOR NO.  THE D E F A U L T  R E P L Y  I S  NO.
: - N
DE P T - MANAGE R
DOES THE ABOVE DOMAIN F E A T U R E  I N  YOUR P R O B L E M?  P L E A S E  T Y P E  Y F O R  Y E S  OR
N F OR NO.  THE D E F A U L T  R E P L Y  I S NO.
; - Y  ..
D E P T - N A M E
DOES THE ABOVE DOMAI N F E A T U R E  I N  YOUR P ROBLEM?  P L E A S E  T Y P E  Y F O R  Y E S  OR
N F O R  NO.  THE D E F A U L T  R E P L Y  I S  N O .
:. -N
D E P T - N O
DOES THE ABOVE DOMAI N F E A T U R E  I N  YOUR P R O B L E M?  P L E A S E  T Y P E  Y F O R  Y E S  OR
N F O R  N O .  THE D E F A U L T  R E P L Y  I S NO.  '
; - Y
DO YOU WI SH TO ACCUMULATE A TOT AL  O F  R E T R I E V E D  I T E M S  I N T H I S
DOMAI N?  P L E A S E  T Y P E  Y FOR Y E S  OR N F OR  NO.  THE D E F A U L T  R E P L Y  I S  N O .
^  : - N
EMP L OYE E - NAME
DOES THE ABOVE DOMAI N F E A T U R E  I N  YOUR P R O B L E M?  P L E A S E  T Y P E  Y F O R  Y E S  OR
N F O R  NO.  THE D E F A U L T  R E P L Y  I S  NO.
; - Y
E M P L O Y E E - N O
DOES T HE  ABOVE DOMAI N F E A T U R E  I N  YX)UR P ROBL E M?  P L E A S E  T Y P E  Y F O R  Y E S  OR
N F O R  N O .  THE D E F A U L T  R E P L Y  I S  N O .
: -Y
'DO YOU WI S H TO ACCUMULATE A T O T A L  O F  R E T R I E V E D  I T E M S  I N  T H I S
DOMAI N?  P L E A S E  T Y P E  Y F O R  Y E S  OR N F OR  NO.  THE D E F A U L T  R E P L Y  I S  N O .
: - N
J O I N - D A Y
DOES THE  ABOVE DOMAI N F E A T U R E  I N  YOURj.  P R O B L E M?  P L E A S E  T Y P E  Y F O R  Y E S  OR 
N FOR N O .  THE  D E F A U L T  R E P L Y  I S  N O .
o0 0  YOU WI S H TO ACCUMULATE A T OT A L  O F  R E T R I E V E D  I T E M S  I N T H I S  
DOMAI N?  P L E A S E  T Y P E  Y FOR Y E S  OR N F OR NO.  THE D E F A U L T  R E P L Y  I S  NO.
:*-N
J O I N - M O N T H
DOES THE ABOVE DOMAI N F E A T U R E  I N  YOUR P R O B L E M?  P L E A S E  T Y P E  Y FOR Y E S  OR
N FOR NO.  THE D E F A U L T  R E P L Y  I S  N O .
; -Y
DO YOU WI S H TO ACCUMULATE A TOT AL  O F  R E T R I E V E D  I T E M S  I N T H I S
DOMAI N?  P L E A S E  T Y P E  Y F O R  Y E S  OR N F OR NO.  THE D E F A U L T  R E P L Y  I S  N O .
:«-N
J O I N - Y E A R
DOES THE ABOVE DOMAIN F E A T U R E  I N YOUR P R O B L E M?  P L E A S E  T Y P E  Y FOR Y E S  OR
N FOR NO.  THE D E F A U L T  R E P L Y  I S  NO.
:»Y
DO YOU WI SH TO ACCUMULATE A TOT AL  O F  R E T R I E V E D  I T E M S  I N T H I S
DOMAI N?  P L E A S E  T Y P E  Y FOR Y E S  OR N FOR NO.  THE D E F A U L T  R E P L Y  I S  N O .
: «-N
M A R I T A L - S T .
DOES T HE  ABOVE DOMAI N F E A T U R E  I N  YOUR P ROBLEM?  P L E A S E  T Y P E  Y F O R  Y E S  OR 
N FOR N O .  THE  D E F A U L T  R E P L Y  I S  NO.
: *"N
SEX
DOES  THE ABOVE DOMAI N F E A T U R E  I N  YOUR P R OB L E M?  P L E A S E  T Y P E  Y FOR Y E S  OR




5 .  STAGE 5 
S TAGE 5 -  E X T E N S I O N  OF D A T A B A S E
ALTHOUGH YOUR D A T A B A S E  MAY ONLY B E  E X T E N T E D  ON A PERMANENT B A S I S  I N 
C O N S U L A T A T I O N  WI TH T H E  D A T A B A S E  A D M I N I S T R A T O R ,  YOU MAY C R E A T E  NEW DATA 
I T E M S  WHICH ARE A V A I L A B L E  ONLY D U R I N G  T H I S  SYSTEM S E S S I O N .
THE P R O C E S S I N G  OF T H E S E  TEMPORARY I T E M S  W I L L  B E  E N T I R E L Y  UNDER YOUR 
CONTROL AND LAT E R YOU W I L L  B E  G I V E N  AN O P P O R T U N I T Y  TO S P E C I F Y  YOUR 
P R O C E S S I N G  R E Q U I R E M E N T S .
I T  I S  AT T H I S  STAGE YOU SHOULD C R E A T E  ANY I T E M S  R E Q U I R E D  F O R  H O L D I N G  
I N T E R M E D I A T E  R E S U L T S  OF C A L C U L A T I O N S  OR FOR R E M A I N D E R S  A R L S I N G  FROM 
A R I T H M E T I C  D I V I S I O N S .
DO YOU WI SH TO C R E A T E  ANY TEMPORARY DATA I T E M S ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N FOR N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
:^Y
DO YOU WI SH TO C R E A T E  ANY TEMPORARY I T E M S  WHI CH C O N T A I N  
ALP HANUMERI C DAT A?
P L E A S E  T Y P E  Y FOR Y E S  OR N F O R  N O .  T HE  D E F A U L T  R E P L Y  I S  N O .
:«-N
DO YOU WI S H TO C R E A T E  ANY TEMPORARY I T E M S  WHI CH C O N T A I N  NUME R I C  D A T A ?
P L E A S E  T Y P E  Y FOR Y E S  OR N F OR  N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
:-Y _
P L E A S E  T Y P E  THE NAME OF THE NUME R I C  I T E M .
: - W O R K - l T E M
OF HOW MANY D I G I T S  D O E S  W O R K - I T E M  C O N S I S T ?
THE D E F A U L T  R E P L Y  I S  1 8 .  *
: - 1 8
DO YOU WI SH TO S P E C I F Y  A D E C I M A L  P O I N T  L O C A T I O N  OTHER 
THAN AF TER T H E  R I G H T M O S T  D I G I T ?
P L E A S E  T Y P E  Y FOR Y E S  OR N F OR  N O .  T HE  D E F A U L T  R E P L Y  I S  N O .
:^N
DO YOU WI SH TO E N T E R  AN I N I T I A L  VAL UE  FOR W O R K - I T E M ?
P L E A S E  T Y P E  Y FOR Y E S  OR N F OR N O .  T HE  D E F A U L T  R E P L Y  I S  N O .
BY D E F A U L T  T H E  I TEM W I L L  I N I T I A L L Y  C O N T A I N  Z E R O .
: N
DO YOU WI SH T H E  SYSTEM TO ACCUMULATE A T OT A L  F OR  T H I S  I T E M ?
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
:«-N
HAVE YOU ANY MORE TEMPORARY NUMERI C I T E M S  TO C R E A T E ?
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR N O .  THE  D E F A U L T  R E P L Y  I S  N O .
P L E A S E  T Y P E  T H E  NAME OF THE  NUMERI C I T E M .
Î - L - 0 - S - Y E A R S
OF HOW MANY D I G I T S  D O E S  L - O - S - Y E A R S  C O N S I S T ?
THE D E F A U L T  R E P L Y  I S  1 8 .
:*-2 '
DO YOU WI SH TO S P E C I F Y  A D E C I M A L  P O I N T  L O C A T I O N  OTHER 
THAN AF TER T HE  R I G H T M O S T  D I G I T ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N F O R  N O .  THE  D E F A U L T  R E P L Y  I S  N O .
N
DO YOU WI SH TO E N T E R  AN I N I T I A L  VALUE F O R  L - O - S - Y E A R S ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N F OR N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
BY D E F A U L T  THE I T E M W I L L  I N I T I A L L Y  C O N T A I N  Z E R O .
:»N
DO YOU WI S H T HE  SYSTEM TO ACCUMULATE A T OT A L  FOR T H I S  I T E M ? ......
P L E A S E  T YP E  Y F O R  Y E S  OR N F O R  N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
HAVE YOU ANY MORE TEMPORARY NUMERI C I T E M S  TO C R E A T E ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N F O R  N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
o8
P L E A S E  T Y P E  T H E  NAME OF THE NUMERI C I T E M .
: » L - 0 - S - M 0 N T H S
OF HOW MANY D I G I T S  D O E S  L - O - S - M O N T H S  C O N S I S T ?
THE D E F A U L T  R E P L Y  I S  1 8 .
: - 2
DO YOU WI SH TO S P E C I F Y  A D E C I M A L  P O I N T  L O C A T I O N  OTHER 
THAN AF T E R  THE  R I G H T M O S T  D I G I T ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N FOR N O .  T H E  D E F A U L T  R E P L Y  I S  NO.
: +-N
DO YOU WI S H TO E N T E R  AN I N I T I A L  VALUE FOR L - O - S - M O N T H S ?
P L E A S E  T Y P E  Y F OR  Y E S  OR N F O R  NO.  T HE  D E F A U L T  R E P L Y  I S  N O .
BY D E F A U L T  THE I TEM W I L L  I N I T I A L L Y  C O N T A I N  Z E R O .
: - N
DO YOU WI SH T H E  SYSTEM TO ACCUMULATE A TOTAL FOR T H I S  I T E M ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N F O R  NO.  T H E  D E F A U L T  R E P L Y  I S  N O .
: -  N
HAVE YOU ANY MORE TEMPORARY NUMERI C I T E M S  TO C R E A T E ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N F OR  NO.  T H E  D E F A U L T  R E P L Y  I S  N O .
: - Y
P L E A S E  T Y P E  T HE  NAME OF THE  NUMERI C I T E M .
N O - E M P L O Y E E S  
OF HOW MANY D I G I T S  D O E S  N O - E M P L O Y E E S  C O N S I S T ?
THE  DE F A U L T  R E P L Y  I S  1 8 .
1
DO YOU WI SH TO S P E C I F Y  A D E C I M A L  P O I N T  L O C A T I O N  OTHER 
THAN AF T E R  THE R I G H T M O S T  D I G I T ?
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
: - N
DO YOU WI SH TO E N T E R  AN I N I T I A L  VALUE F OR  N O - E M P L O Y E E S ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N F OR N O .  THE D E F A U L T  R E P L Y  I S  N O .
: -Y
P L E A S E  ENTER T HE  I N I T I A L  VALUE F O R  N O - E M P L O Y E E S .
THE VALUE MUST C O N s j S T  OF D I G I T S  AND MAY I N C L U D E  A D E C I M A L  P O I N T ,  WHI CH
MAY NOT B E  THE L A S T  C H A R A C T E R .  T H E  S I G N ,  I F  P R E S E N T ,  MUST B E  T H E  F I R S T  
C H A R A C T E R .  BY D E F A U L T  THE S I G N  I S  P O S I T I V E .
DO YOU WI SH THE  SYSTEM TO ACCUMULATE A TOT AL  FOR T H I S  I T E M ?
P L E A S E  T Y P E  Y F OR  Y E S  OR N F OR N O .  T HE  D E F A U L T  R E P L Y  I S  N O .
•: «-Y
h a v e  y o u  a n y  m o r e  TEMPORARY NUMERI C I T E M S  TO C R E A T E ?
P L E A S E  T Y P E  Y F OR Y E B ' O R  N F O R  NO.  THE D E F A U L T  R E P L Y  I S  N O .
P L E A S E  T Y P E  T H E  NAME OF T HE  NUMERI C I T E M .  
î ^ A V - S E R - Y E A R S
OF HOW MANY D I G I T S  D O E S  A V - S E R - Y E A R S  C O N S I S T ?
THE D E F A U L T  R E P L Y  I S  1 8 .
^2
DO YOU WI S H TO S P E C I F Y  A D E C I M A L  P O I N T  L O C A T I O N  OTHER 
THAN A F T E R  T HE  R I GH T M O S T  D I G I T ?
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR N O .  T HE  D E F A U L T  R E P L Y  I S  N O .
Î-N
DO YOU WI SH TO E N T E R  AN I N I T I A L  VALUE FOR A V - S E R - Y E A R S ?
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
BY DE F AUL T  T H E  I TEM W I L L  I N I T I A L L Y  C O N T A I N  Z E R O .
: ^ N
DO YOU WI SH T HE  S YSTEM TO ACCUMULATE A T O T A L  FOR T H I S  I T E M ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N FOR NO.  T H E  D E F A U L T  R E P L Y  I S  N O .
• - N
HAVE YOU ANY MORE TEMPORARY NUMERI C I T E M S  TO C R E A T E ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N F OR N O .  T HE  D E F A U L T  R E P L Y  I S  N O .
:TY
oP L E A S E  T Y P E  THE NAME OF T H E  NUMERI C I T E M .
: - A V - S E R - M O N T H S
OF HOW MANY D I G I T S  D OE S  A V - S E R - M O N T H S  C O N S I S T ?
THE D E F A U L T  R E P L Y  I S  1 8 .
:*-2
DO YOU WI SH TO S P E C I F Y  A D E C I M A L  P O I N T  L O C A T I O N  OTHER 
THAN AFTER T H E  R I GH T M O S T  D I G I T ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N F O R  N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
Î-N
DO YOU WI SH TO E N T E R  AN I N I T I A L  VALUE FOR A V - S E R - M O N T H S ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N F O R  N O .  T HE  D E F A U L T  R E P L Y  I S  N O .
BY D E F A U L T  THE I TEM W I L L  C O N T A I N  Z E R O .
Î-N
DO YOU WI SH T H E  SYSTEM TO ACCUMULATE A T OT A L  FOR T H I S  I T E M ?
P L E A S E  T Y P E  Y F OR  Y E S  OR N F OR  N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
: - N
HAVE YOU ANY MORE TEMPORARY NUMERI C I T E M S  TO C R E A T E ?
P L E A S E  T Y P E  Y F OR  Y E S  OR N F OR N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
: - Y
P L E A S E  T Y P E  T H E  NAME OF T H E  NUMERI C I T E M .
: M O N T H S - S E R V  I CE
OF HOW MANY D I G I T S  D O E S  M O N T H S - SERVI  C E  C O N S I S T ?
THE D E F A U L T  R E P L Y  I S  1 8 .
: -  3
DO YOU WISH TO S P E C I F Y  A D E C I M A L  P O I N T  L O C A T I O N  OTHER 
THAN THE  R I G H T M O S T  D I G I T ?
P L E A S E  T Y P E  Y F OR  Y E S  OR N F OR  N O .  THE  D E F A U L T  R E P L Y  I S  N O .
:"N ^
DO YOU WI SH TO E N T E R  AN I N I T I A L  VALUE F OR M O N T H S - S E R V I  CE?
P L E A S E  T Y P E  Y F O R  Y E S  OR N F OR N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
BY D E F A U L T  T HE  I TEM W I L L  I N I T I A L L Y  C O N T A I N  Z E R O .
;^N
DO YOU WI S H T HE  SYSTEM TO ACCUMULATE A T O T A L  FOR T H I S  I T E M ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N FOR N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
:-Y
HAVE YOU ANY MORE TEMPORARY NUMERI C I T E M S  TO C R E A T E ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N F OR N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
: «-N
YOUR DATABAS E MAY ALS O B E  T E M P O R A R I L Y  E XTENDED BY T HE  I N C L U S I O N  OF A 
O  COMPOUND DOMAI N FORMED BY C O N C A T E N A T I N G  THE I T E M S  FROM TWO OR MORE 
OTHER DOMAI NS  W I T H I N  T HE  D A T A B A S E .
E . G .  T H E  TEMPORARY DOMAI N A D D R E S S  MAY B E  COMPOUNDED FROM T H E  E X I S T I N G  
DOMAI NS  S T R E E T ,  TOWN AND P O S T C O D E .  COMPOUND DOMA I N S  ARE ALWAYS OF 
A L P HANUME RI C T Y P E .
DO YOU WI S H TO T E M P O R A R I L Y  EXTEND YOUR D A T A B A S E  B Y . T H E  
I N C L U S I O N  OF A COMPOUND D O MA I N ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N F OR  N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
: - Y
P L E A S E  T Y P E  T H E  NAME OF T H E  COMPOUND DOMAI N WHI CH YOU W I S H  TO C R E A T E .  
: ^ J 0 I N - D A T E  '
J T E M S  FROM THE D O M A I N S  WHICH YOU ARE ABOUT TO S P E C I F Y  
W I L L  B E  CONCATENATED I N  ORDER FROM L E F T  TO R I G H T .
P L E A S E  T Y P E  T H E  NAME OF T H E  F I R S T  DOMAI N TO B E  C ONCATENATED 
: ^ J 0 I N - D A Y
P L E A S E  T Y P E  THE NAME OF T H E  NEXT DOMAI N TO B E  CONCATENATED 
: - J O l N - M O N T H
HAVE YOU ANY MORE D O MA I N S  TO I N C L U D E  I N  T H I S  C O N C A T E N A T I O N ?





P L E A S E  T Y P E  THE NAME OF THE  NEXT DOMAI N TO B E  CONCATENATED 
Î - J O I  N- YEAR
HAVE YOU ANY MORE D O MA I N S  TO I N C L U D E  I N  T H I S  C O N C A T E N A T I O N ?  
P L E A S E  t y p e  Y FOR Y E S  OR N F OR N O . T HE  D E F A U L T  R E P L Y  I S  N O . 
':^N
COMPOUND DOMAI N J O l N - D A T E  C O N T A I N S  6 CH A R A C T E R S  AND I S  
A L P HANUME RI C I N  T Y P E .
HAVE YOU ANY MORE D O M A I N S  TO C R E A T E ?  ,
P L E A S E  T Y P E  Y F O R  Y E S  OR N FOR N O .  T H E  D E F A U L T  R E P L Y  I S  N O .  
:»N
o1 1
6 . STAGE 6
STAGE 6 -  DATABAS E I N C O N S I S T E N C I E S
YOUR PROBLEM MAKES USE OF MORE THAN ONE R E L A T I O N .  I F ,  WHEN THE R E L A T I O N S
ARE J O I N E D ,  A d a t a  I N C O N S I S T E N C Y  I N  A DOMAI N USED AS A SEQUENCE KEY I S  
D E T E C T E D  BY THE SYSTEM SUCH THAT T H E R E  I S  NOT A MATCHI NG KEY ITEM F OR  
ALL R E L A T I O N S ,  WHICH ONE OF THE F OL L OWI NG A C T I O N S  DO YOU W I S H  THE SYSTEM
TO TAKE?
Î I GNORE THE  UNMATCHED I .TEMS AND C O N T I N U E  W I T H  THE NEXT.  DATA R E T R I E V A L
2  CRE AT E  d u m m y  MATCHI NG KEY I T E M S  AND C O N T I N U E  P R O C E S S I N G  ON T H E  
A S S U M P T I O N  THAT ALL NUMERI C N O N - K E Y  . I T E M S  C O N T A I N  Z E R O S  AND ALL  
ALP HANUMERI C NON- KE Y I T E M S  C O N T A I N  B L A N K S .
3 T E R M I N A T E  THE P R O C E S S I N G  OF THE D A T A B A S E .  , '
P L E A S E  T Y P E  1 , 2  OR 3 ,  THE D E F A U L T  R E P L Y  I S  1 .  '
DO YOU WANT THE  SYSTEM TO P R I N T  A ME S S A G E  WHEN A M I S - M A T C H  C O N D I T I O N  I S





DO Y o n  WI SH TO S E L E C T  ONLY C E R T A I N  I T E M S  F OR  R E T R I E V A L  FROM T HE  DOMAI NS  
. I N YOUR R E L A T I 0 N ( S ) ?
P L E A S E  T Y P E  Y FOR Y E S  OR N F OR N O .  THE DE F A U L T  R E P L Y  I S  NO.
•T*Y
STAGE 7 -  S E L E C T I O N  OF DATA F O R  R E T R I E V A L
YOU ARE ABOUT TO S P E C I F Y  THE C O N D I T l O N ( S )  WHI CH MUST BE S A T I S F I E D  B E F O R E
THE DATA I S  S E L E C T E D  F OR  R E T R I E V A L  FROM THE DATA B A S E .
C O N D I T I O N S  MAY BE S I M P L E  OR COMPOUND.  A COMPOUND C O N D I T I O N  I S  MADE UP OF
s e v e r a l  S I M P L E  C O N D I T I O N S  L I N K E D  BY THE C O N J U N C T I O N S  A N D / O R .  THE SYSTEM
W I L L  PROMPT YOU TO B U I L D  UP COMPOUND C O N D I T I O N S  I N  TERMS OF S I M P L E  
C O N D I T I O N S .
EACH S I M P L E  C O N D I T I O N  C O N S I S T S  OF THREE P A R T S :
TWO O P E RANDS  S E P A R A T E D  BY AN O P E R A T O R .
THE F I R S T  OPERAND I S  THE NAME OF THE DOMAIN TO WHI CH THE I T E M S  TO BE 
T E S T E D  B E L O N G .
THE SECOND OPERAND S P E C I F I E S  WI TH WHAT THE F I R S T  OP E R AND MUST BE 
COMP ARED.  I T  MAY BE THE NAME OF A TEMPORARY I T E M ,  A L I T E R A L  VALUE OR THE
NAME OF THE DOMAIN TO WHICH THE I TEM B E I N G  COMPARED B E L O N G S .
j F  YOU e n t e r  a n  a l p h a n u m e r i c  L I T E R A L  AS THE SECOND OPE RAND YOU MUST
E N C L O S E  I T  I N QUOT AT I ON MARKS ,  E . G .  " A L P H A N U M E R I C  L I T E R A L " .
THE OPERATOR S P E C I F I E S  HOW THE C O MP A R I S O N  BETWEEN THE F I R S T  AND SECOND 
OP ERANDS  I S  TO BE MADE DURI NG THE C O N D I T I O N  T E S T .
THE OPE RAT OR MUST B E  ONE OF THE F O L L O W I N G :
OPERATOR MEAN I MG “
. E Q .  EQUAL TO \
. L T .  L E S S  THAN
. L E .  L E S S  THAN OR EQUAL TO
. G T .  GREATER THAN
. G E .  GREATER THAN OR EQUAL TO
. N E . ,  NOT EQUAL TO
THE F U L L  S T O P S  ARE AN I N T E G R A L  P A R T  O F  THE OP ERATOR
YOU MAY NEGATE ANY OF THE ABOVE O P E R A T O R S  BY I N C L U D I N G  THE WORD NOT 
I MME DI AT E L Y AF T E R  THE F I R S T  F U L L  S T O P .
E . G .
. NOT G T .  NOT g r e a t e r  THAN
HERE ARE SOME E XAMP L E S  OF S I M P L E  C O N D I T I O N S :
ACCOUNT- NUMBER . L T .  T RANS ACT  I 0 N-NO 
Q T Y - O N - H A N D  . N O T  G T .  4 0 0  
P A R T - N A M E  . E Q .  " N A I L S "
DATA R E T R I E V A L
DO YOU WI S H TO S P E C I F Y  A COMPOUND C O N D I T I O N  F OR  THE ABOVE T AS K?
P L E A S E  T Y P E  Y FOR Y E S  OR N F O R  NO.  THE D E F A U L T  R E P L Y  I S  NO.
:«-N
P L E A S E  T Y P E  YOUR S I M P L E  C O N D I T I O N .
: » L - 0 - S - Y E A R S  . G E .  10
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8. STAGE .8
STAGE 8 -  R E P O R T  LAYOUT I N T R O D U C T I O N  
' P L E A S E  CHOOSE YOUR P AGE W I D T H .  A NARROW P AGE  OF 7 0  CH A R A C T E R S  I S
S U I T A B L E  FOR T E L E T Y P E  OR VDU O U T P U T .  A WI DE P A G E  OF 1 2 0  C H ARACT E RS  
I S  FOR L I N E  P R I N T E R  O U T P U T .  P L E A S E  T Y P E  N FOR NARROW OR W FOR W I D E .
THE D E F A U L T  R E P L Y  I S  NARROW.
: N
P L E A S E  T Y P E  T HE  MAXIMUM NUMBER OF L I N E S  TO BE P R I N T E D  ON A RE P ORT  P AGE  • 
T H I S  MUST B E  A VALUE I N  THE RANGE 4 0  TO 9 9 .  T HE  D E F A U L T  VALUE I S  6 0  
Î - 4 5  .
WOULD YOU L I K E  TO D E S I G N  THE FORMAT OF  THE L I N E S  OF YOUR R E P OR T  OR WOULD
YOU P R E F E R  ONLY TO S P E C I F Y  WHICH I T E M S  SHOULD B E  I NCL UDE D I N T HE  OUTPUT
AND l e a v e  THE SYSTEM TO ARRANGE THE EXACT FORMAT OF THE LI  N E C S ) ?
I F  YOU D E S I G N  YOUR OWN L A YOUT ,  YOU MAY I N C L U D E  TEXT I N F O R M A T I O N  AS  WELL
AS DATA I T E MS  I N C L U D I N G  THE D A T E ,  T I M E  AND PAGE NUMBER.  YOU MAY ALS O  
CONTROL THE S P A C I N G  OF L I N E S  AND I N S E R T  E D I T I N G  CH A R A C T E R S  I NTO DATA  
I T E MS  TO i m p r o v e  T H E I R  P R E S E N T A T I O N .
THE SYSTEM WI L L  ARRANGE THE I T E M S  FOR -OUTPUT I N  THE R E Q U I R E D  ORDER 
ACROS S  THE L I N E  WI TH TWO BLANK S P A C E S  BETWEEN I T E M S .  A NEW L I N E  W I L L  B E
TAKEN WHEN T H E R E  I S  I N S U F F I C I E N T  ROOM AT T HE  END OF A L I N E  F O R  THE 
COMPLETE I T E M .  ALL OUT P UT  I T E M S  W I L L  BE U N E D I T E D .
DO YOU WI SH TO S P E C I F Y  THE FORMAT O F  YOUR R E P O R T ?  P L E A S E  T Y P E  Y F OR  Y E S
OR N F OR NO.  THE D E F A U L T  R E P L Y  I S  N O .
:«-Y
YOU W I L L  SHORTLY BE ASKED TO D E S I G N  THE L I N E S  WHICH C O M P R I S E  T H E  T I T L E S ,
H E A D I N G S  AND D E T A I L  L I N E S  OF YOUR R E P O R T .  TO A S S I S T  WI T H T H I S  THE  NAMES
OF YOUR DATA D OMAI NS  AND TEMPORARY I T E M S  W I L L  BE D I S P L A Y E D  TO YOU ONE AT
A T I M E .  YOU ARE THEN R E Q U I R E D  TO S E L E C T  A ONE CHARACTER L A B E L  FROM THE
L I S T  SHOWN BELOW FOR USE LAT E R WHEN I N D I C A T I N G  THE P R I N T  P O S I T I O N S  OF 
THE I TEM IN Q U E S T I O N .  THE F O L L O WI N G  CH A R A C T E R S  ARE V A L I D  L A B E L S .
^  A E F  G H I J  K L N 0  Q T U V W X Y Z
( _ )  YOU W I L L  HAVE N O T I C E D  THAT NOT ALL A L P H A B E T I C  C H A R A C T E R S  ARE A V A I L A B L E
FOR USE AS d a t a  L A B E L S .  T H I S  I S  B E C A U S E  SOME OF THEM HAVE S P E C I A L  
ME ANI NGS  A S S O C I A T E D  WI TH E D I T I N G  DATA I T E M S  P R I O R  TO P R I N T I N G .  THE  
E D I T I N G  F A C I L I T I E S  W I L L  B E  D E S C R I B E D  TO YOU S H O R T L Y .
WHEN A DATA NAME I S  D I S P L A Y E D  P L E A S E  T Y P E  THE  CHARACTER YOU HAVE D E C I D E D
TO U S E  AS I T S  L A B E L .  THE D E F A U L T  R E P L Y ,  MADE BY P R E S S I N G  T HE  A C C E P T  KEY
ONLY,  I N D I C A T E S  THAT THE DATA D O E S  NOT A P P E A R  I N  T HE  OUT P UT  R E P O R T .
A V - S E R - M O N T H S
ir l l
a v - s e r - y e a r s
■ : «-U
DE P T - MANAGE R
'\*-F ■ ' .. . :
D E P T - N O
:TA





E MP L O Y E E - N O  L . ' , !
J O l N - D A T E
:" J  ' ' " ' -, .
J O I N - D A Y
. v;. ■ ■ ■ ■
J O l N - M O N T H
J O l N - Y E A R
L - O - S - M O N T H S
: -X
L - O - S - Y E A R S  '
: -Y  . ... '
M O N T H S - S E R V I C E  
:  *-
N O - E M P L O Y E E S
: * . T
WO R K - I T E M  
î -  ■
WHEN S P E C I F Y I N G  THE FORMAT OF A L I N E  OF THE R E P O R T ,  THE P R I N T  P O S I T I O N S
I F  K I S  T H E  L A B E L  A S S I G N E D  TO P A R T - C O D E - D O M A I  N I T E M S  AND Ü I S  THE 
L A B E L  A S S I G N E D  TO U N I T - C O S T  DOMAI N I T E M S  AND I T  I S  D E S I R E D  TO P R I N T
T H E S E  TWO I T E M S  I N  P R I N T  P O S I T I O N S  1 0 - 1 6  AND ? 0 - ? S  R E S P E C T I V E L Y ,
i T "  "  ■
I p  MORE P R I N T  P O S I T I O N S  ARE A L L O C A T E D  TO AN A L P HANUME R I C  I TEM THAN T H E  
I TEM ACTUALLY R E Q U I R E S ,  THE I TEM I S  L E F T  J U S T I F I E D  I N  T H E  S P E C I F I E D  
P O S I T I O N S  AND P ADDED OUT WI TH B L A N K S .  I F  TOO FEW P R I N T  P O S I T I O N S  ARE 
ALLOCATED TO A DATA ITEM THEN C H A R A C T E R S  AT THE R I GHT HAND END W I L L  BE
!R M 0  A. T O •
U N L E S S  THE E D I T I N G  F E A T U R E  TO B E  D E S C R I B E D  SHORTLY I S  I N U S E ,  THE 
DECI MAL P O I N T  I N  THE OUTP UT FORMAT OF A NUMERI C I TEM I S  ASSUMED TO B E  
AF T E R  I HE R I G H T M O S T  D I G I T .  L E A D I N G  Z E R O S  ARE R E P L A C E D  BY B L ANKS  UP TO 
BUT NOT I N C L U D I N G  A ZERO B E F O R E  THE I M P L I E D  D E C I M A L  P O I N T .  T H E  D E C I M A L  
P O I N T  L O C A T I O N  I N THE I TEM TO B E  OUT P U T  I S  A L I G N E D  WI TH THAT I M P L I E D  I N
THE OUTPUT F O R M A T .  j F  MORE P R I N T  P O S I T I O N S  ARE A L L OC AT E D THAN T H E  I TEM
R E Q U I R E S ,  T H E  UNUSED P O S I T I O N S  B E F O R E  T H E  D E C I M A L  P O I N T  W I L L  B E  F I L L E D  
WI TH B L A N K S .  I F  TOO FEW P R I N T  P O S I T I O N S  ARE AL L OCAT E D THEN T H E  H I G H  





STAGE 9 - E D I T I N G
DATA I T E MS  MAY B E  E D I T E D  P R I O R  TO O U T P U T  I N  THE R E P O R T  I N  ORDER TO 
I MPROVE THE P R E S E N T A T I O N .  THE E D I T I N G  O P T I O N S  A V A I L A B L E  VARY D E P E N D I N G  
ON WHETHER THE I TEM TO BE E D I T E D  I S  A L P HANUME RI C OR N U M E R I C .
TWO CHARACTERS  ARE A V A I L A B L E  FOR U S E  WI TH A L P HANUME RI C I T E M S  AND THEY 
ARE THE I N S E R T I O N  C H A R A C T E R S  B AND 0 ,
I N S E R T I O N  C H A R A C T E R S  MAY B E  I N S E R T E D  ANYWHERE I N  T H E  S T R I N G  O F  L A B E L  
CHARACT E RS  D E F I N I N G  THE P R I N T  P O S I T I O N S  OF AN A L P H A N U ME R I C  DATA I T E M .
THE 0  CHARACTER W I L L  P R I N T  AS A ZERO I N  THE  OUT P UT  L I N E ,  BUT A B 
CHARACTER W I L L  B E  R E P L A C E D  BY A BLANK S P A C E .
E . G .  I F  I T  I S  D E S I R E D  t h a t  A 7 CHARACTER P A R T - C O D E  I T E M ,  WHI CH HAS B E E N  •
A S S I G N E D  THE P R I N T  L A B E L  K ,  SHOULD OCCUPY P R I N T  P O S I T I O N S  6 - 1 4  AND
HAVE A BLANK S P A C E  BE T WE E N THE F I R S T  AND SECOND C H A R A C T E R S  AND A
ZERO BETWEEN THE F I F T H  AND S I X T H  C H A R A C T E R S ,  THEN T HE  P R I N T - L I N E  
FORMAT SHOULD B E  T Y P E D  A S  F O L L O W S :
# # # # # K B K K K K 0 K K
I F  T HE  P A R T - C O D E  I TEM C O N T A I N S  T HE  VALUE " C N U T 4 D E "  THEN T H E  E D I T E D  VALUE
W I L L  P R I N T  AS F O L L O WS :
C NU T 4 0 D E
WOULD YOU L I K E  TO E X P E R I M E N T  WI TH THE  E F F E C T  OF U S I N G  I N S E R T I O N  
CHARACT E RS  TO E D I T  AL P H A N U ME R I C  DATA I T E M S  READY F OR O U T P U T ?
P L E A S E  T Y P E  Y FOR Y E S  OR N F O R  N O .  T HE  D E F A U L T  R E P L Y  I S  N O .
:*-N .
THE F O L L O WI N G  MAY B E  USED TO E D I T  NUMERI C I T E M S  P R I O R  TO O U T P U T :  
$ \ * + - , C R D B B 0
T HE  F U N C T I O N  OF EACH OF THE  ABOVE E D I T I N G  SYMBOLS AND T HE  C O M B I N A T I O N S  
P E R M I T T E D  ARE S E T  OUT B E L O W .  .
S A N D  \  ARE CURRENCY S Y M B O L S .  A CURRENCY SYMBOL,  I F  U S E D ,  MUST A P P E A R  AT
THE B E G I N N I N G  OF AN OUT P UT  FORMAT S P E C I F I C A T I O N .  I T  W I L L  C A U S E  THE  
S E L E C T E D  c u r r e n c y  SYMBOL TO P R I N T  I N  F RONT  OF T HE  MOST S I G N I F I C A N T  
D I G I T  OF THE I TEM B E I N G  E D I T E D .  I T  MAY ONLY B E  P R E C E D E D  BY A + OR A -  
C H A R A C T E R .
*  I S  T H E  CHEQUE P R O T E C T I O N  S YMB OL .  I F  U S E D ,  T H I S  CHARACTER MUST A P P E A R  
AT T H E  B E G I N N I N G  OF AN OUT P UT  FORMAT S P E C I F I C A T I O N .  I T  W I L L  CA U S E  UNUSED
H I G H  ORDER P R I N T  P O S I T I O N S  OF T HE  I TEM TO B E  F I L L E D  WI T H  * S .  ONLY T H E  
+ OR -  CHARACTER MAY P R E C E D E  I T .
+ AND -  S I G N S .  T HE  S I G N  + OR -  MAY A P P E A R  AS T H E  F I R S T  CHARACTER OF AN 
OUT P UT  FORMAT S P E C I F I C A T I O N .  I F  THE S I G N  OF T H E  I TEM B E I N G  E D I T E D  I S  THE
SAME AS THE S I G N  CHARACTER I N  T HE  OUT P U T  FORMAT T HE N T H E  S I G N  W I L L  
P R I N T .  I F  T H E  I TEM HAS THE O P P O S I T E  S I G N  TO THAT S P E C I F I E D  I N  THE  OU T P U T
F O R MA T ,  THEN A + W | L L  BE R E P L A C E D  BY A -  AND A -  W I L L  BE R E P L A C E D  BY A 
B L A N K .  THE S I G N  CHARACTER W I L L  B E  OUT P U T  TO T H E  L E F T  OF T H E  MOST 
S I G N I F I C A N T  D I G I T  OF  THE I TEM P R O V I D I N G  A CURRENCY OR CHEQUE P R O T E C T  
CHARACTER HAS NOT B E E N  S P E C I F I E D .  I F  A CURRENCY OR CHEQUE P R O T E C T  SYMBOL
HAS B E E N  S P E C I F I E D  T HE  S I G N  W I L L  R E MA I N  I N  T HE  L E F T - M O S T  P O S I T I O N  OF THE 
I T E M .
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CR AND DB ARE R E P O R T  S I G N S .  E I T H E R  CR OR DB MAY A P P E A R  I N THE TWO 
R I G H T - M O S T  C HAR AC T E R S  OF THE  O U T P U T  FORMAT FOR A NUMERI C I T E M .  I F  THE 
ITEM B E I N G  E D I T E D  I S  N E G A T I V E  T H E N  THE S P E C I F I E D  R E P O R T  S I G N  CHARACTERS
W I L L  P R I N T  I N THE D E S I R E D  P O S I T I O N S .  I F  THE 
P O S I T I V E  THEN THE TWO P R I N T  P O S I T I O N S  OCCUP 
BE S E T  TO B L A N K S .
B 0  ,  AND . ARE I N S E R T I O N  C H A R A C T E R S .  T H E S E  
THE D E S I G N A T E D  P O S I T I O N S  OF T HE  E D I T E D  ITEM
I TEM B E I NG E D I T E D  I S  
ED BY THE R E P O R T  S I G N  W I L L
CH A R A C T E R S  W I L L  P R I N T  I N  
WI TH THE  E X C E P T I O N  OF THE B
o
WHI CH W I L L  B E  R E P L A C E D  BY A B L A N K .  T HE  F U L L  S T O P ,  I F  P R E S E N T ,  MAY ONLY 
OCCUR ONCE AS I T  R E P R E S E N T S  THE D E C I M A L  P O I N T  L O C A T I O N .  THE F U L L  STOP 
MAY NOT APPEAR I N  THE R I G H T - M O S T  P R I N T  P O S I T I O N  OF AN E D I T E D  ITEM AND 
MUST BE P R E C E D E D  BY AT L E A S T  ONE L A B E L  C H A R A C T E R .
HERE ARE SOME E X A MP L E S  OF E D I T E D  NUMERI C I T E M S :
E D I T  FORMAT VALUE OF I T E M 
TO B E  E D I T E D  
- $ A A A , 0 0 0  - 2 3
* E E E E E C R  4 7 9  5
F F , F F F . F F  1 3 4 7 . 6 3
GGBGGBGG 2 7 6 4  1
WOULD YOU L I K E  TO E X P E R I M E N T  
I T E MS  READY F O R  O U T P U T ?
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR 
; TN
E D I T E D  R E S U L T
-  $ 2 3 , 0 0 0  
* * 4 7 9 5  
1 ,  3 4  7 . 6  3 
2  7 6  4 1  
WI T H  THE  E F F E C T OF E D I T I N G  NUMERI C DATA
N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
O
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10 . STAGE 10
O
STAGE 10  T D E T A I L  L I N E ( S )  S P E C I F I C A T I O N
FOR EACH r e t r i e v a l  FROM THE D A T A B A S E  ONE OR MORE D E T A I L  L I N E S  MAY B E  
O U T P U T .  A D E T A I L  L I N E  MAY C O N T A I N  T E XT  A N D / O R  I N C L U D E  ANY ITEM FROM THE
C URRENTLY R E T R I E V E D  S E T  OF DATA A N D / O R  ANY TEMPORARY I T E M .  I F  MORE THAN'
ONE D E T A I L  L I N E  I S  TO B E  OUTPUT FOR EACH R E T R I E V A L ,  BLANK L I N E S  MAY BE 
I NCL UDE D BETIVEEN THEM BY P R E S S I N G  ONLY T H E  A C C E P T  KEY WHEN P ROMP TED TO 
ENTER THE NEXT FORMAT L I N E .  THE F I R S T  L I N E  MAY NOT B E  B L A N K .
ANY L I N E  OF YOUR R E P O R T  MAY C O N T A I N  TEXT I N F O R M A T I O N .  I N  ORDER TO 
D I S T I N G U I S H  T E X T  CH A R A C T E R S  FROM L A B E L  CH A R A C T E R S  D E N O T I N G  THE P R I N T  
P O S I T I O N S  OF DATA I T E M S ,  THE TEXT I S  E NC L OS E D I N  Q U O T A T I O N  MAR KS .  THE 
Q U O T A T I O N  MARKS ARE R E P L A C E D  BY BLANK CH A R A C T E R S  I N  THE P R I N T E D  R E P O R T .
E . G .  A DATA I T E M U N I T - P R I C E  I S  A S S I G N E D  THE P R I N T  L A B E L  U AND I S  TO BE
P R I N T E D  I N  P R I N T  P O S I T I O N S  I S - 2 0  T OGETHER WI TH THE NAME OF T HE  ITEM
I N  P R I N T  P O S I T I O N S  2 - 1 1 .  THE O U T P U T  FORMAT FOR T HE  ABOVE L I N E  
SHOULD B E  T Y P E D  AS F O L L O W S :
" U N I T  PR I C E " # # S U U . U U
HOW MANY BLANK L I N E S  WOULD YOU L I K E  TO A P P E A R  BETWEEN THE  P R E V I O U S  L I N E
OF OUT P UT  AND T HE  F I R S T  D E T A I L  L I N E  OF  A R E T R I E V A L ?  P L E A S E  T Y P E  A NUMBER
I N THE RANGE 0 TO 3 .  THE D E F A U L T  R E P L Y  I S  0 .  '
:» 0  _
P L E A S E  ENTER THE FORMAT FOR T HE  F I R S T  D E T A I L  L I N E .
: » # * # N N N N * f * # # f f E E E E E E E E E E E E E E E E E E E E # * * J J B B J J B B J J # # # # # # # # # f # Y Y # # X X
h a v e  YOU a n y  m o r e  d e t a i l  l i n e s  t o  E N T E R ?
P L E A S E  T YP E  Y FOR Y E S  OR N FOR NO.  THE D E F A U L T  R E P L Y  I S  N O .
: - N
I F  T HE  D E T A I L  L I N E S  FROM ONE R E T R I E V A L  D U P L I C A T E  T H O S E  FROM AN E A R L I E R  
R E T R I E V A L  DO YOU WI SH THE D U P L I C A T E S  TO B E  I G N O R E D ?






STAGE 11 -  EXTRA DATA I T E M S  -  D A T E ,  T I M E ,  P AGE N O .
YOU HAVE ALREADY I N D I C A T E D  WHICH DATA I T E M S  YOU W I S H  TO O U T P U T  I N  YOUR 
D E T A I L  L I N E ( S ) ,  I N  A D D I T I O N  T H E R E  ARE T H R E E  O T H E R S  THAT YOU MAY I N C L U D E
I F  YOU OPT TO HAVE A R E P O R T  T I T L E  OR P A G E  H E A D I N G .  T H E S E  ARE T H E  DATE
AND T I M E  AT WHI CH YOUR R E P O R T  PROGRAM B E G I N S  TO E X E C U T E  AND T H E  R E P O R T
P A G E  NUMBER.
DATE AND T I M E  EACH OCCUPY 8  P R I N T  P O S I T I O N S  W H I L E  P A G E  NUMBER
O C C U P I E S  4 .  T H E  F O L L O W I N G  S T R I N G S  O F  CH A R A C T E R S  MUST B E  U S E D  TO D E N O T E
THE P R I N T  P O S I T I O N S  OF T H E S E  S P E C I A L  I T E M S :
I TEM P R I N T  STF?ING ME ANI NG
D A T E  D D / M M / Y Y  DD=DAY MM=MONTH YY=YEAR
T I M E  H H / M M / S S  HH= HOUR S  MM=MI^NUTES S S =  S ECONDS




STAGE 12  -  R E P O R T  T I T L E  S P E C I F I C A T I O N
n o  YOU WI S H  TO HAVE A T I T L E  P AGE ON YOUR R E P O R T ?
P L E A S E  T Y P E  Y FOR Y E S  OR N F OR  N O .  THE D E F A U L T  R E P L Y  I S  NO.
Î-Y
ON WHI CH L I N E  OF THE PAGE WOULD YOU L I K E  THE T I T L E  TO S T AR T ?  P L E A S E  T Y P E
IN T HE  RANGE 1 TO 2 2 .  THE D E F A U L T  R EP LY I S  1
I NC L U O E  THE 
LI  NE MAY BE 
PROMP TED TO
A NUMBER 
• - 1 3
THE t i t l e  m a y  C O N S I S T  OF S E V E R A L  L I N E S  AND 
PAGE NUMBER I T E M S  AS WELL A S  T E X T .  A BLANK 
T I T L E  BY P R E S S I N G  ONLY THE A C C E P T  KEY WHEN 
FORMAT L I N E .  THE F I R S T  L I N E  MAY NOT BE B L A N K .
P L E A S E  ENTER THE FORMAT OF THE F I R S T  L I N E  OF THE T I T L E .
MANUFACTURI NG COMPANY L I M I T E D "  
h a v e  YOU ANY MORE T I T L E  L I N E S  TO E N T E R ?
P L E A S E  T Y P E  Y F OR  Y E S  OR N F O R  N O .  THE D E F A U L T  RE P L Y I S  
•-Y
P L E A S E  ENTER THE FORMAT OF THE NEXT L I N E  OF THE T I T L E .
D A T E ,  T I M E  AND 
I NCL UDE D I N  T H E  
ENTER ANOTHER
NO.
O T I T L E  L I N E S  TO E N T E R ?Y E S  OR N F O R  NO.  THE D E F A U L T  RE P L Yh a v e  y o u  a n y  m o r eP L E A S E  T Y P E  Y FOR 
: r Y
P L E A S E  ENT E R THE FORMAT OF THE NEXT L I N E  OF THE T I T L E .
S E R V I C E  R E P O R T "
HAVE YOU ANY MORE T I T L E  L I N E S  TO E N T E R ?
P L E A S E  T Y P E  Y F OR  Y E S  OR N FOR NO.  THE DE F A U L T  R E P L Y  
Î-Y
P L E A S E  e n t e r  t h e  FORMAT OF THE NEXT L I N E  OF THE T I T L E .
S NO
I S NO
T I T L E  L I N E S  TO E N T E R ?
Y E S  OR N F O R  NO.  THE D E F A U L T  R E P L Y  I S NO
h a v e  y o u  a n y  MORE 
P L E A S E  T Y P E  Y FOR  
:*-Y
P L E A S E  e n t e r  THE FORMAT OF THE NEXT L I N E  OF THE T I T L E .  
: *^######*################f ###"CONFl DENTl AL"
HAVE YOU ANY MORE T I T L E  L I N E S  TO E N T E R ?




1 3 . STAGE 13' 9
STAGE 1 3  -  P AGE HE ADI NG S P E C I F I C A T I O N
EACH PAGE OF YOUR R E P O R T  MAY HAVE A P AGE H E A D I N G .  THE T E X T  AT THE T OP  OF
EACH R E P O R T  P A G E  W I L L  BE THE SAME,  ALTHOUGH I F  YOU CHOOSE TO I NC L U D E  
DATA I T E MS  T H E I R  VALUES  MAY VARY FROM PAGE TO P A G E .
AS T HE  DATA TO BE R E T R I E V E D  I S  A V A I L A B L E  I N  AN ORDERED S E QUENCE BA S E D  ON 
THE I T E M S  I N  THE 2  KEY D O M A I N S ,  YOU MAY I N A D D I T I O N  TO THE P AGE  HEADI NG 
S P E C I F Y  SEQUENCE BREAK H E A D I N G S .
A D I F F E R E N T  S E QUENCE BREAK H E A D I N G  MAY B E  S P E C I F I E D  F O R  EACH KEY DOMAI N
E X C E P T  THE MI NOR K E ^ ,  WHI CH CHANGE S  WI TH EACH R E T R I E V A L .  THE S E QUE NC E  
BREAK h e a d i n g  WI L L  P R I N T  A F T E R  THE PAGE H E A D I N G  AT THE T OP  OF EACH P AGE
AND AGAI N LOWER DOWN WHEN A S E Q U E N C E  BREAK I N AN ITEM R E T R I E V E D  FROM A
N ON- MI NOR  KEY DOMAI N I S  D E T E C T E D .
AT THE TOP OF THE PAGE ALL THE S E QUE NC E  BREAK H E A D I N G S  ARE OUT P UT  I N  
Q J )  ORDER FROM MAJOR TO P E N U L T I M A T E  MI NOR KEY S E Q U E N C E .  LOWER DOWN THE 
PAGE A SEQUENCE BREAK AT ONE L E V E L  W I L L  CAUSE THAT S E QUENCE BREAK 
HE A D I N G  TO BE P R I N T E D  AND ALSO T HOS E  AT LOWER L E V E L S ,  I F  ANY.
DO Y o u  WI SH TO S P E C I F Y  A P AGE HEADI NG FOR EACH PAGE OF YOUR R E P O R T ?  
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR N O .  THE DE F AUL T  R E P L Y  I S  NO.
: - Y
A P AGE  HEADI NG C O N S I S T S  OF ONE OR MORE L I N E S  OF  T E XT  A N D / O R  MAY I N C L U D E
■ANY I TEM FROM A CURRENTLY R E T R I E V E D  S E T  OF D A T A,  ANY TEMPORARY I TEM 
AND/ OR THE D A T E ,  T I M E  OR PAGE NUMBER I T E M S .  A BLANK L I N E  MAY B E  I N C L U D E D
I N t h e  PAGE HE ADI NG BY P R E S S I N G  ONLY THE A C C E P T  KEY WHEN P R O MP T E D  TO 
ENTER ANOTHER FORMAT L I N E .
ON WHI CH L I N E  OF THE PAGE WOULD YOU L I K E  THE PAGE HE A D I N G  TO S T A R T ?
P L E A S E  TYP E  A NUMBER I N  THE RANGE 1 TO 1 0 .  T HE  DE F A U L T  R E P L Y  I S  1 .
: - 3
THE F I R S T  L I N E  MAY NOT BE B L A N K .
P L E A S E  ENTER THE FORMAT OF THE F I R S T  L I N E  OF  T H E  P AGE H E A D I N G .
‘ - " L O N G  S E R V I C E  R E P O R T  FOR THE YEAR E N D I N G  31 ST DECEMBER 1 9 7 7  P A G E " P P P PO
h a v e  YOU ANY MORE PAGE H E A D I N G  L I N E S  TO E N T E R ?
P L E A S E  TYPE Y F O R  Y E S  OR N F OR N O .  THE D E F A U L T  R E P L Y  I S  N O .
: -Y
P L E A S E  ENTER THE FORMAT OF THE NEXT L I N E  OF PAGE H E A D I N G .
: :
HAVE YOU a n y  MORE P AGE  HE A D I N G  L I N E S  TO E N T E R ?





STAGE 14  -  SEQUENCE BREAK H E A D I N G  S P E C I F I C A T I O N
DO YOU WI SH TO S P E C I F Y  S E QUE NCE  BREAK H E A D I N G S  I N YOUR R E P O R T ?
P L E A S E  TYP E  Y FOR Y E S  OR N FOR NO.  THE DE F AUL T  RE P L Y  I S  NO.
: - Y
A S E QUE NCE  BREAK H E A D I N G  C O N S I S T S  OF  ONE OR MORE L I N E S  OF T E X T  A ND/ OR  
MAY I N C L U D E  ANY I TEM FROM A C URRE NT L Y R E T R I E V E D  S E T  OF  DATA OR ANY
TEMPORARY I T E M .  A BLANK L I N E  MAY BEX I NC L UDE D I N  THE S E QUE NCE  BREAK
HEADI NG BY P R E S S I N G  ONLY THE A C C E P T  KEY WHEN P ROMP T E D TO ENTER ANOTHER 
FORMAT L I N E .
SEQUENCE BREAK H E A D I N G  FOR KEY DOMAI N D E P T - N O
HOW MANY BLANK L I N E S  WOULD YOU L I K E  TO AP P E AR BETWEEN THE P R E V I O U S  L I N E
OF OUTPUT AND THE F I R S T  L I N E  OF T H I S  H E A D I N G ?  P L E A S E  T Y P E  A NUMBER I N
THE RANGE 0  TO 3 .  THE D E F A U L T  R E P L Y  I S  0 .
Î -  1
THE F I R S T  L I N E  MAY NOT BE B L A N K .
P L E A S E  ENTER THE FORMAT OF THE F I R S T  L I N E  OF T H I S  H E A D I N G .
: » " D E P A R T M E N T  N O . " A A "  D E P A R T M E N T  MANAGER " F F F F F F F F F F F F F F F F F F F F  
HAVE YOU ANY MORE L I N E S  TO E NT E R  F OR  T H I S  H E A D I N G ?
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR NO.  THE D E F A U L T  R E P L Y  I S  N O .
- ,  : . Y
P L E A S E  e n t e r  t h e  FORMAT OF THE  NEXT L I N E  OF T H I S  H E A D I N G .
h a v e  y o u  a n y  M O R E . L I  NE S  TO E N T E R  F OR  T H I S  H E A D I N G ?
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR NO.  THE  D E F A U L T  R E P L Y  I S  N O .
:»Y
P L E A S E  ENTER THE FORMAT OF THE NEXT L I N E  OF T H I S  H E A D I N G .
; » " E M P L O Y E E  N O .  E MP LOYEE NAME DATE OF J O I N I N G  L ENGTH OF S E R V I C E "
HAVE YOU a n y  MORE L I N E S  TO E N T E R  FOR T H I S  H E A D I N G ?
P L E A S E  T Y P E  Y FOR Y E S  OR N F OR  NO.  THE D E F A U L T  RE P L Y I S  N O .
: -Y
P L E A S E  E NT E R  THE FORMAT OF THE NEXT L I N E  OF T H I S  H E A D I N G .
MONTH Y E A R " # # # # # " Y E A R S  MONTHS"
Q  HAVE YOU a n y  m o r e  L I N E S  TO E NT E R  F OR T H I S  H E A D I N G ?
P L E A S E  TYP E  Y FOR Y E S  OR N FOR NO.  THE D E F A U L T  R E P L Y  I S  N O .
:^Y
P L E A S E  ENTER THE  FORMAT OF THE NEXT L I N E  OF T H I S  H E A D I N G .
HAVE Y o u  a n y  m o r e  l i n e s  TO E N T E R  FOR T H I S  H E A D I N G ?
P L E A S E  T Y P E  Y F OR Y E S  OR N FOR NO.  THE D E F A U L T  R E P L Y  I S  N O .
:*-N
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15.  STAGE 13 
STAGE 1 5  -  S M B - T O T A L  L i N E C  S )  S P E C I F I C A T I O N
YOM HAV/E ASKED F OR  THE T O T A L S  OF C E R T A I N  NUMERI C I T E M S  TO B E  ACCUMULATED
D U R I N G  THE P R O C E S S I N G  OF YOUR D A T A .  SHORTLY YOU W I L L  B E  ASKED TO S P E C I F Y
THE FORMAT I N  WHI CH T H E S E  T O T A L S  ARE TO BE OUT P UT  AT T HE  END OF YOUR 
R E P O R T .
ME ANWHI L E ,  AS THE DATA I S  R E T R I E V E D  I N AN ORDERED S E Q U E N C E ,  YOU MAY ASK
FOR S U B - T O T A L S  TO B E  OUTP UT WHEN A SEQUENCE CHANGE I S  D E T E C T E D  IN T HE  
DATA R E T R I E V E D  FROM ANY KEY DOMAI N E X C E P T  THE MI NOR K E Y ,  WHI CH CHANGES 
WI TH EACH R E T R l E V A L . e '
S U B - T O T A L S  ARE OUT P UT  I N ORDER FROM P E N U L T I M A T E  MI NOR TO MAJ OR KEY 
S E Q U E N C E .  A S EQUENCE CHANGE AT AN I N T E R M E D I A T E  L E V E L  W I L L  C A U S E  THE 
S U B - T O T A L S  F O R  THAT KEY AND F OR  ALL THE KEYS  MI NOR  TO I T  TO B E  OUTPUT AS
WE L L .
DO YOU WI S H TO S P E C I F Y  SE QUE NCE  BREAK S U B - T O T A L S  I N YOUR R E P O R T ?
P L E A S E  T YP E  Y F O R  Y E S  OR N FOR N O .  T HE  DEFAULT RE P L Y  I S  N O .
: - Y
A S E QUE NC E  BREAK S U B - T O T A L  C O N S I S T S  OF ONE OR MORE L I N E S  OF T E X T  AND/ OR
MAY I N C L U D E  ANY NON- ACCUMULATED I T E M ,  E I T H E R  TEMPORARY OR FROM T HE  
P R E V I O U S  S E T  OF R E T R I E V E D  D A T A ,  AS  WELL AS THE S U B - T O T A L S  OF T HE  I T E M S
WHICH h a v e  b e e n  a c c u m u l a t e d . A BLANK L I N E  MAY B E  I NCL UDE D I N  A
S EQUENCE BREAK S U B - T O T A L  BY P R E S S I N G  ONLY THE  A C C E P T  KEY WHEN P R O MP T E D
TO e n t e r  a n o t h e r  f o r m a t  l i n e .
S U B - T O T A L  OU T P U T  FOR A SE QUE NCE  BREAK I N  K E Y - D O M A I N  D E P T - N O
HOW MANY BLANK L I N E S  WOULD YOU L I K E  TO AP P E AR  BETWEEN THE P R E V I O U S  L I N E
OF OUT P UT  AND THE F I R S T  L I N E  OF THE  S U B - T O T A L ?  P L E A S E  T Y P E  A NUMBER I N
THE RANGE 0  TO 3 .  THE D E F A U L T  R E P L Y  I S  0 .
1
THE F I R S T  LI  NE MAY NOT B E  B L A N K .
P L E A S E  E NT E R  THE FORMAT OF T H E  F I R S T  L I N E  OF T H I S  S U B - T O T A L  O U T P U T .
Î - " D E P A R T M E N T  N O . " A A "  N O .  OF E M P L O Y E E S " T T T T "  AVERAGE S E R VI  C E " W # # U U  
HAVE YOU ANY MORE L I N E S  TO E NT E R  FOR T H I S  S U B - T O T A L  O U T P U T ?
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR N O .  THE D E F A U L T  R E P L Y  I S  N O .
^  : -  Y
P L E A S E  ENTER T HE  FORMAT OF  THE NEXT L I N E  OF T H I S  S U B - T O T A L  O U T P U T .
HAVE YOU ANY MORE L I N E S  TO E N T E R  FOR T H I S  S U B - T O T A L  O U T P U T ?





STAGE 16 -  t o t a l  L I N E ( S )  S P E C I F I C A T I O N
THE ACCUMULATED T O T A L S  OUTP UT C O N S I S T S  OF  ONE OR MORE L I N E S  OF TEXT 
A ND/ OR  MAY I N C L U D E  ANY NON- ACCUMULATED I TEM FROM THE P R E V I O U S  S ET OF 
R E T R I E V E D  DATA OR ANY TEMPORARY I TEM AS WELL AS THE T O T A L S  OF THE I T E MS
WHICH HAVE BEEN ACCUMULATED.  A BLANK L I N E  MAY BE I N C L U D E D  I N THE TOTALS
BY P R E S S I N G  ONLY THE A C C E P T  KEY WHEN PROMPTED TO E N T E R  ANOTHER FORMAT 
L I N E .
DO YOU WI SH TO S P E C I F Y  T O T A L S  O H T P U T  IN YOUR R E P O R T ?
P L E A S E  TYP E  Y F OR  YES OR N F OR  NO.  THE D E F A U L T  R E P L Y  I S  NO.
HOW MANY BLANK L I N E S  WOULD YOU L I K E  TO A P P E A R  BETWEEN THE P R E V I O U S  L I N E
OF OUT P UT  AND THE F I R S T  L I N E  O F  T O T A L S ?  PLETASE T Y P E  A NUMBER I N T HE  
RANGE 0  TO 3 .  t h e  D E F A U L T  RE P L Y I S  0 .
• - 1
THE F I R S T  L I N E  MAY NO T BE BLANK
P L E A S E  e n t e r  THE FORMAT OF THE F I R S T  TOT AL  L I N E .
: » " C O M P A N Y  TOTAL " T T T T " E M P L O Y E E S"
HAVE YOU ANY MORE TOT AL  L I N E S  T o  E N T E R ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N FOR NO.  THE D E F A U L T  R E P L Y  I S  NO.
«-Y
P L E A S E  e n t e r  t h e  FORMAT OF THE NEXT TOTAL L I N E .  !
: f "  AVERAGE LENGTH OF S E R V I C E  " V V "  Y E A R S "  U U ' M O N T H S "
HAVE YOU ANY MORE TOT AL  L I N E S  TO E N T E R ?  9
P L E A S E  T Y P E  Y F O R  Y E S  OR N F OR NO.  THE D E F A U L T  R E P L Y  I S  NO.





STAGE 1 7  -  V I E W  OF SAMPLE R E P O R T  P AGE
Y o n  ARE ABOUT TO BE O F F E R E D  THE O P P O R T U N I T Y  OF  S E E I N G  A SAMPLE OF A P AGE
OF YOUR R E P O R T .  THE SAMPLE P AGE  W I L L  SHOW YOU THE  ARRANGEMENT OF T H E  
V A R I O U S  L I N E S  WHOSE FORMAT YOU HAVE J U S T  S P E C I F I E D ,  BUT W I L L  NOT P R O V I D E
ACTUAL VALUES  F O R  DATA I T E M S .
WOULD YOU L I K E  TO S E E  A SAMPLE OF AN OU T P U T  P AGE ?





X . Y . Z .  MANUF ACTURI NG COMPANY L I M I T E D  
LONG S E R V I C E  R E P O R T  
C O N F I D E N T I A L
O  : ' . 9 9  :: : :
o
26
LONG S E R V I C E  R E P O R T  F O R  THE YEAR E N D I N G  31 ST DECEMBER 1 9 7 7  P AGE  P P P P
DEPARTMENT N O .  AA DEP ARTMENT MANAGER F F F F F F F F F F F F F F F F F F F F
O
o
1 P L 0 Y E E  NO . E MP LOYEE NAME DATE OF J O I N I N G LENGTH OF S E R V I C E
DAY MONTH YEAR YEARS MONTHS
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J  _ J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN . E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN . E E E E E E E E E E E E E E E E E E E E J J J J J J " YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J c YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN e F e e e e e e e e e e e e e e e e e e J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J Y Y XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
NNNN E E E E E E E E E E E E E E E E E E E E J J J J J J YY XX
[ PARTMENT N O .  AA NO.  OF E M P L O Y E E S T T T T AVERAGE S E R V I C E  VV uu
COMPANY TOTAL T T T T  E M P L O Y E E S
a v e r a g e  l e n g t h  o f  s e r v i c e  V\ /  YE A R S  UN MONTHS 
ARE YOU S A T I S F I E D  WI TH T HE  PAGE LAYOUT?
P L E A S E  T Y P E  Y F OR Y E S  OR N F O R  NO.  THE D E F A U L T  R E P L Y  I S  N O .  
: - Y  .
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18. STAGE 18
STAGE 18  -  OWN CODE P R O C E S S I N G
YOU ARE ABOUT TO BE G I V E N  THE O P P O R T U N I T Y  O F  S U P P L E M E N T I N G  THE STANDARD
SYSTEM P R O C E S S I N G  OF YOUR DATA BY S P E C I F Y I N G  YOUR OWN C A L C U L A T I O N S  
A ND/ OR  DATA MOVE ME NT S .  T H E S E  SHOULD I N C L U D E  THE P R O C E S S I N G  OF TEMPORARY
o
i t e m s .
THE O P T I O N  TO S P E C I F Y  YOUR OWN S U P P L E ME N T A R Y  P R O C E S S I N G  W I L L  B E  
a v a i l a b l e  a t  t h e  F O L L O WI N G  P O I N T S  D U R I N G  THE E X E C U T I O N  OF THE  COBOL
program:
AT THE S T AR T  OF P R O C E S S I N G  B E F O R E  ANY DATA I S  R E T R I E V E D ,
i m m e d i a t e l y  a f t e r  a  d a t a  r e t r i e v a l ,
AT A SEQUENCE BREAK ON A S P E C I F I C  NO N - MI N O R  KEY DOMAI N I T E M ,
P R I O R  TO p r i n t i n g  ANY GROUP OF H E A D I N G ,  D E T A I L ,  S U B - T O T A L  OR TOTAL
LI  N E S .
DO YOU WI S H TO TAKE ADVANTAGE OF T HE  ABOVE F A C I L I T I E S ?
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR N O .  THE DE F A U L T  R E P L Y  I S  NO.
: - Y
FOUR A R I T H M E T I C  S T A T E ME N T S  ARE A V A I L A B L E  FOR US E  I N YOUR OWN 
C A L C U L A T I O N S ,  ONE F O R  EACH OF THE A R I T H M E T I C  O P E R A T I O N S :
A D D I T I O N ,  s u b t r a c t i o n ,  M U L T I P L I C A T I O N  AND D I V I S I O N .
EACH STATEMENT R E Q U I R E S  T H R E E  O P E R A N D S  AND T A K E S  THE F O L L O W I N G  F O R M:
ADD O P E R A N D - 1 ,  O P E R A N D - 2  G I V I N G  O P E R A N D - 3 
S UBTRACT O P E R A N D - 1 FROM O P E R A N D - 2  G I V I N G  O P E R A N D - 3 
M U L T I P L Y  O P E R A N D - 1 BY O P E R A N D - 2  G I V I N G  O P E R A N D - 3 
D I V I D E  O P E R A N D - 1 BY O P E R A N D - 2  G I V I N G  O P E R A N D - 3
THE D I V I S I O N  R E MAI NDER MAY,  I F  D E S I R E D ,  B E  SAVED I N  A NAMED DOMAI N OR 
TEMPORARY I T E M .
O P E R A N D - 3  MAY B E  THE NAME OF ANY TEMPORARY I TEM OR T HE  NAME O F  A DOMAI N
O
TO WHI CH THE I TEM B E I N G  C A L C U L A T E D  B E L O N G S .
O P E R A N D - 1 AND O P E R A N D - 2  MAY B E  E I T H E R  A NUMERI C L I T E R A L ,  T H E  NAME OF  A 
TEMPORARY I TEM OR THE NAME OF A DOMAI N TO WHI CH THE I T E M B E I N G  
CALCULATED B E L O N G S .
E . G  M U L T I P L Y  Q U A N T I T Y  BY P R I C E  G I V I N G  COS T
D I V I D E  P E N C E  BY 1 0 0  G I V I N G  POUNDS 
ONE DATA MOVEMENT STATEMENT I S  A V A I L A B L E  F OR  YOUR OWN DATA M O V E ME N T S .  
T H I S  STATEMENT R E Q U I R E S  TWO O P E R A N D S  AND HAS T H E  F O L L O W I N G  F O R M :
MOVE O P E R A N D - 1 TO O P E R A N D - 2
O P E R A N D - 2  I S  THE R E C E I V I N G  I TEM AND MAY B E  T H E  NAME OF A TEMPORARY I TEM
OR T H E  NAME OF A DOMAI N TO WHI CH T HE  R E C E I V I N G  I T E M B E L O N G S .
O P E R A N D - 1 I S  THE SOURCE I TEM AND MAY B E  A L I T E R A L , . A  TEMPORARY I T E M  OR
THE NAME OF A DOMAI N TO WHICH THE I TEM B E I N G  MOVED B E L O N G S .
O P E R A N D - 1 AND O P E R A N D - 2  MUST BE O F  THE SAME T Y P E ,  E I T H E R  BOTH NUME R I C  OR
BOTH A L P H A N U M E R I C .
E . G .  MOVE " N O T  M A R R I E D "  TO S P O U S E - N A M E
MOVE Q T Y - O M - O R D E R  TO Q T Y - O N - H A N D  
m o v e  1 . 6 S  TO U N I T - P R I C E  
WHEN ALP HANUME RI C DATA I S  MOVED T HE  CH A R A C T E R S  FROM T H E  S OUR C E  I TEM  
ARE T R A N S F E R R E D  TO THE C O R R E S P O N D I N G  P O S I T I O N S  OF THE R E C E I V I N G  I T E M ,  
S T A R T I N G  WI TH THE L E F T - M O S T .  I F  T HE  R E C E I V I N G  I T E M I S  THE S HOR T E R  OF T H E
TWO I T E M S  THEN E X C E S S  
I F  THE R E C E I V I N G  I TEM 
WI TH B L A N K S .
C H A R A C T E R S  FROM THE S OURCE I TEM ARE 
I S  THE LONGER THE  E X C E S S  C H A R A C T E R S
I G N O R E D .  
ARE F I L L E D
oo
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WHEN NUMERI C DATA I S  MOVED THE D E C I M A L  P O I N T S  I N T H E  SOURCE I TEM AND 
r e c e i v i n g  i t e m  a r e  A L I G N E D .  I F  T H E R E  ARE FEWER D I G I T S  B E F O R E  OR A F T E R  
THE D E C I M A L  P O I N T  I N  THE R E C E I V I N G  I TEM THEN T HE  E X C E S S  D I G I T S  ARE  
T R U N C A T E D .  I F  T H E R E  ARE MORE D I G I T S  B E F O R E  OR A F T E R  THE  D E C I M A L  P O I N T  I N
THE R E C E I V I N G  I TEM THEN THE  E X C E S S  P O S I T I O N S  ARE S E T  TO C O N T A I N  Z E R O .
AS YOU HAVE TAKEN ADVANTAGE OF THE S YS T E MS  ACCUMULATED T O T A L S  O P T I O N  YOU
MAY,  DUR I N G  YOUR OWN P R O C E S S I N G ,  HAVE A C C E S S  TO THE  T O T A L S  A P P L I C A B L E  
AT A S P E C I F I C  KEY S EQUENCE BREAK OR A F T E R  ALL T H E  DATA HAS B E E N  
R E T R I E V E D .  '
IN ORDER TO D I S T I N G U I S H  THE T O T A L S  O F  I T E M S  FROM A G I V E N  DOMAI N FROM 
THE P R E V I O U S L Y  R E T R I E V E D  I TEM FROM T HE  SAME D O M A I N ,  THE DOMAI N NAME I S  
I MME DI AT E L Y P R E C E D E D  BY AN * CHARACTER WHEN T HE  T O T A L  I S  R E Q U I R E D .
E . G .  A R E L A T I O N  C O N T A I N S  I T E M S  FROM NUMERI C DOMAI NS  C AL L E D S T O C K - V A L U E  
AND Q U A N T I T Y  AND I S  S EQUENCED ON I T E M S  I N  KEY D O MA I N S  CALLED 
P A R T - C L A S S  AND P A R T - N O .  I F  THE ACCUMULATED T O T A L S  O P T I O N  HAS B E E N  
R E Q U E S T E D  F OR  THE S T O C K - V A L U E  AND Q U A N T I T Y  I T E M S ,  THEN A TEMPORARY
ITEM C AL L E D A V E R A G E - P R  I CE MAY B E  C AL C UL AT E D EACH T I M E  A S E QUE NC E  
CHANGE OCCURS I N  THE P A R T - C L A S S  KEY I TEM OF T H E  R E T R I E V E D  DATA BY 
T H E  F O L L O WI N G  OWN CODE S T A T E M E N T :
D I V I D E  * S T O C K - V A L U E  BY ^ Q U A N T I T Y  G I V I N G  A V E R A G E - P R  I CE
N . B .  T H I S  S P E C I A L  T O T AL  FORM OF  A DATA NAME MAY NOT B E  USED AS O P E R A N D - 3
I N THE A R I T H M E T I C  S T A T E M E N T S  NOR AS  O P E R A N D - 2  I N A MOVE S T A T E M E N T .
B E F O R E  E N T E R I N G  ANY OWN CODE S T A T E M E N T S  YOU W I L L  B E  G I V E N  THE 
O P P O R T U N I T Y  TO S P E C I F Y  WHAT C O N D I T I O N S ,  I F  ANY,  MUST B E  S A T I S F I E D  B E F O R E
THE STATEMENT I S  O B E Y E D .
N . B .  T H E  OWN CODE S T A T E M E N T S  AT EACH P R O C E S S I N G  P O I N T  ARE OB EYED I N  T HE
ORDER I N  WHICH YOU E N T E R  T H E M .
WOULD YOU L I K E  TO B E  REMI NDED O F  HOW TO S P E C I F Y  A C O N D I T I O N ?
P L E A S E  T Y P E  Y FOR Y E S  OR N F O R  N O .  THE D E F A U L T  R E P L Y  I S  N O .
: ^ N
AT T H E  S TART OF P R O C E S S I N G  B E F O R E  ANY DATA I S  R E T R I E V E D
HAVE YOU ANY OWN CODE P R O C E S S I N G  TO S P E C I F Y  FOR T H E  ABOVE P O I N T  D U R I N G
THE DATA P R O C E S S I N G  RUN?
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
:<-N
I MME DI AT E L Y A F T E R  A DATA R E T R I E V A L
HAVE YOU ANY OWN CODE P R O C E S S I N G  TO S P E C I F Y  FOR T H E  ABOVE P O I N T  D U R I N G  
THE DATA P R O C E S S I N G  RUN?
P L E A S E  T Y P E  Y F O R  Y E S  OR N FOR N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
Î -Y
I S  THE OWN CODE S T ATEMENT THAT YOU ARE ABOUT TO E N T E R  C O N D I T I O N A L ?
P L E A S E  TYP E  Y FOR Y E S  OR N FOR N O .  THE D E F A U L T  R E P L Y  I S  N O .
N
P L E A S E  ENTER YOUR OWN CODE S T A T E M E N T .
S UBTRACT J O l N - Y E A R  FROM 7 7 G I V I N G  W O R K - I T E M  
HAVE YOU ANY MORE OWN CODE S T A T E M E N T S  TO ENT E R AT T HE  ABOVE P O I N T ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N FOR N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
:"Y
I S  THE  OWN CODE STATEMENT THAT YOU ARE ABOUT TO E NT E R  C O N D I T I O N A L ?
P L E A S E  T Y P E  Y F O R  Y E S  OR N F O R  N O .  THE D E F A U L T  R E P L Y  I S  N O .
:»N
P L E A S E  ENTER YOUR OWN CODE S T A T E M E N T .
: ^ M U L T I P L Y  W O R K - I T E M  BY 1 2  G I V I N G  M O N T H S - S ERVI  C E
oo
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HAVE YOU ANY MORE OWN CODE S T A T E ME N T S  TO ENT E R AT THE ABOVE P O I N T ?
P L E A S E  T Y P E  Y FOR Y E S  OR N F O R  NO.  THE DE F AUL T  R E P L Y  I S  N O .
: - Y
I S  T H E  OWN CODE STATEMENT THAT YOU ARE ABOUT TO ENT E R C O N D I T I O N A L ?  
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR N O .  THE DE F A U L T  R E P L Y  I S  N O .
Î - N
P L E A S E  ENTER YOUR OWN CODE S T A T E M E N T .
: - S U B T R A C T  J O  I N- MONT H FROM 1 3  G I V I N G  W O R K - I T E M
HAVE YOU ANY MORE OWN CODE S T A T E M E N T S  TO E NT E R  AT THE ABOVE P O I N T ?
P L E A S E  t y p e  Y FOR Y E S  OR N FOR N O .  T HE  D E F A U L T  R E P L Y  I S  N O .
: - Y
I S  THE OWN CODE S TATEMENT THAT YOU ARE ABOUT TO E NT E R  C O N D I T I O N A L ?  
P L E A S E  TYP E  Y FOR Y E S  OR N F OR N O .  THE D E F A U L T  R E P L Y  I S  N O .
: - N  .
P L E A S E  ENTER YOUR OWN CODE S T A T E M E N T .
: - A D D  W O R K - I T E M ,  M O N T H S - SERVI  CE G I V I N G  M O N T H S - S E R V I  CE
HAVE YOU ANY MORE OWN CODE S T A T E M E N T S  TO E NT E R  AT THE ABOVE P O I N T ?
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR N O .  THE D E F A U L T  R E P L Y  I S  N O .
: - Y
I S  THE OWN CODE STATEMENT THAT YOU ARE ABOUT TO ENTER C O N D I T I O N A L ?  
P L E A S E  T Y P E  Y F OR  Y E S  OR N F O R  N O .  THE D E F A U L T  R E P L Y  I S  N O .
Î - N
P L E A S E  ENTER YOUR OWN CODE S T A T E M E N T .
Î - D I V I D E  M O N T H S - S E R V I CE BY 12  G I V I N G  L - O - S - Y E A R S
I F  YOU WI SH TO SAVE THE RE MA I N D E R  P L E A S E  T Y P E  THE NAME OF T H E  DOMAI N OR
TEMPORARY I T E M WHERE I T  I S  TO B E  S T O R E D .  BY D E F A U L T  T HE  R E MA I N D E R  W I L L  
NOT B E  S A V E D .
' ^ L - O - S - M O N T H S
HAVE YOU ANY MORE OWN CODE S T A T E ME N T S  TO E NT E R  AT THE ABOVE P O I N T ?
P L E A S E  T Y P E  Y FOR Y E S  OR N F O R  N O .  THE  D E F A U L T  R E P L Y  I S  N O .
: - N
AT A S E QUENCE BREAK I N  THE D E P T - N O  KEY DOMAI N ITEM
HAVE YOU ANY OWN CODE P R O C E S S I N G  TO S P E C I F Y  F O R  T HE  ABOVE P O I N T  D U R I N G  
THE DATA P R O C E S S I N G  RUN?
P L E A S E  t y p e  Y FOR Y E S  OR N F O R  NO.  T HE  D E F A U L T  R E P L Y  I S  N O .  
v^N
P R I O R  TO P R I N T I N G  A P AGE  HE A D I N G
HAVE YOU ANY OWN CODE P R O C E S S I N G  TO S P E C I F Y  FOR T HE  ABOVE P O I N T  D U R I N G  
THE DATA P R O C E S S I N G  RUN?
P L E A S E  TYPE Y FOR Y E S  OR N F O R  N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
N
P R I O R  TO P R I N T I N G  T HE  D E P T - N O  S E QUE NC E  BREAK H E A D I N G
HAVE YOU ANY OWN CODE P R O C E S S I N G  TO S P E C I F Y  F OR  T H E  ABOVE P O I N T  D U R I N G
THE DATA P R O C E S S I N G  RUN?
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
Î -  N , ;
P R I O R  TO P R I N T I N G  THE D E T A I L  LI  N E C S )  ,
HAVE YOU ANY OWN CODE P R O C E S S I N G  TO S P E C I F Y  FOR T H E  ABOVE P O I N T  D U R I N G
THE DATA P R O C E S S I N G  RUN?
P L E A S E  T Y P E  Y F OR  Y E S  OR N FOR NO.  THE D E F A U L T  R E P L Y  I S  N O .
• — N
P R I O R  TO P R I N T I N G  THE D E P T - N O  S U B T O T A L S
HAVE YOU a n y  OWN CODE P R O C E S S I N G  TO S P E C I F Y  FOR T HE  ABOVE P O I N T  D U R I N G  
THE DATA P R O C E S S I N G  RUN?
P L E A S E  T Y P E  Y FOR Y E S  OR N F O R  N O .  T H E  D E F A U L T  R E P L Y  I S  N O .
: - Y
I S  T HE  OWN CODE S T ATEMENT THAT YOU ARE ABOUT TO E NT E R  C O N D I T I O N A L ?  
P L E A S E  t y p e  Y F OR Y E S  OR N F O R  N O .  THE  D E F A U L T  R E P L Y  I S  NO^
• : - N  ■
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P L E A S E  ENTER YOUR OWN CODE S T A T E M E N T .
: ^ D I V I D E  * M 0 N T H S - S E R V I C E  BY * NO- E M P L O Y E E S  G I V I N G  WO R K - I T E M
I F  YOU WI SH TO SAVE THE R EMAI NDER P L E A S E  T Y P E  THE NAME OF THE DOMAIN OR
TEMPORARY ITEM WHERE I T  I S  TO RE S T O R E D .  BY D E F A U L T  THE R E MAI NDER W I L L  
NOT BE S A V E D .
:
HAVE YOU ANY MORE OWN CODE S T A T E M E N T S  TO ENT E R AT THE ABOVE P O I N T ?
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR N O .  THE DEF AUL T  R E P L Y  I S  NO.
: - Y
I S  T H E  OWN CODE STATEMENT THAT YOU ARE ABOUT TO E N T E R  C O N D I T I O N A L ?  
P L E A S E  TYPE Y FOR Y E S  OR N FOR N O .  THE DE F A U L T  R E P L Y  I S  N O .
: -  N
P L E A S E  ENTER YOUR OWN CODE S T A T E M E N T .
: - D I V I D E  W O R K - I T E M  BY 12 G I V I N G  A V - S E R - Y E A R S
I F  YOU WI SH TO SAVE THE RE MAI NDE R P L E A S E  T Y P E  T HE  NAME OF T HE  DOMAI N OR
TEMPORARY I TEM WHERE I T  I S  TO B E  S T O R E D .  BY D E F A U L T  THE RE MAI NDE R  W I L L  
NOT B E  S AVE D.
: - A V - S E R - M O N T H S
h a v e  YOU ANY MORE OWN CODE S T A T E M E N T S  TO ENTER AT THE ABOVE P O I N T ?
p l e a s e  T Y P E  Y FOR Y E S  OR N FOR NO.  THE DE F AUL T  R E P L Y  I S  N O .
: N
P R I O R  TO P R I N T I N G  THE T OT A L  L I  NECS )
HAVE YOU ANY OWN CODE P R O C E S S I N G  TO S P E C I F Y  FOR T HE  ABOVE P O I N T  D U R I N G  
THE DATA P R O C E S S I N G  RUN?
P L E A S E  TYPE Y FOR Y E S  OR -N FOR N O .  THE D E F A U L T  R E P L Y  I S  N O .
Y
I S  THE OWN CODE STATEMENT THAT YOU ARE ABOUT TO E NT E R  C O N D I T I O N A L ?  
P L E A S E  T Y P E  Y FOR Y E S  OR N F OR NO.  T HE  D E F A U L T  R E P L Y  I S  N O .
! — N
P L E A S E  ENTER YOUR OWN CODE S T A T E M E N T .
D I V I D E  * M O N T H S - S E R V I C E  BY * N O - E M P L O Y E E S  G I V I N G  W O R K - I T E M  
I F  YOU WI SH TO SAVE THE RE MAI NDE R P L E A S E  T Y P E  T H E  NAME OF T H E  DOMAI N OR
TEMPORARY I TEM WHERE I T  I S  TO B E  S T O R E D .  BY D E F A U L T  THE R E MA I N D E R  W I L L  
NOT B E  S A V E D .
: *-
HAVE YOU ANY MORE OWN CODE S T A T E M E N T S  TO ENTER AT T HE  ABOVE P O I N T ?
P L E A S E  TYP E  Y FOR Y E S  OR N FOR NO.  THE D E F A U L T  R E P L Y  I S  N O .
: - Y
I S  THE OWN CODE S TATEMENT THAT YOU ARE ABOUT TO ENT E R C O N D I T I O N A L ?  
P L E A S E  T Y P E  Y FOR Y E S  OR N F OR  NO.  THE D E F A U L T  R E P L Y  I S  N O .
: - N
P L E A S E  ENTER YOUR OWN CODE S T A T E M E N T .
: - D I V I D E  W O R K - I T E M  BY 12  G I V I N G  A V - S E R - Y E A R S
I F  YOU WI SH TO SAVE THE RE MA I N D E R  P L E A S E  T Y P E  THE NAME OF T H E  DOMAI N OR
TEMPORARY ITEM WHERE I T  I S  TO B E  S T O R E D .  BY D E F A U L T  T HE  R E M A I N D E R  W I L L  
NOT BE S AVE D.
: - A V - S E R - M O N T H S
h a v e  y o u  ANY MORE OWN CODE S T A T E M E N T S  TO ENTER AT T H E  ABOVE P O I N T ?
P L E A S E  T Y P E  Y FOR Y E S  OR N FOR N O .  THE D E F A U L T  RE P L Y I S  N O .
Î — N
YOU HAVE NOW F U L L Y  S P E C I F I E D  YOUR DATA AND YOUR PROBLEM AND T H E  SYSTEM 
I S  READY TO GE NE R AT E  THE COBOL PROGRAM WHI CH W I L L  P R O V I D E  YOU WI T H  YOUR
A NS WE R S .
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IF YOU HAVE ANY COMMENTS ABOUT ANY ASPECT OF THIS SYSTEM PLEASE ENTER 
THEM LINE BY LINE A5 YOU RECEIVE THE INVITATION TO TYPE.  A BLANK 
RESPONSE WILL BE TAKEN TO INDICATE THE END OF YOUR COMMENTS.







T H I S  MACSO CREATES AN EMPTY CATALOGUE AND E S T A B L I S H E S  THE S E CURI T Y  
SYSTEM FOR PROT E CT I NG A C C E S S  TO THE F I L E  D E S C R I P T I O N S  WHICH THE  
CATALOGUE WILL EVENTUALLY C O N T A I N .
P L E A S E  TYPE THE PASSWORD TO B E  USED BY P E R S O N S  E N T I T L E D  TO AMEND THE 
CATALOGUE.  THE PASSWORD MAY BE UP TO 8 CHARACTERS LONG AND THE DEFAULT
VALUE I S  B L ANK.  CHARACTERS I N E X C E S S  OF 8 WILL BE I GNORED.
Z^CATPSWD
P L E A S E  TYPE THE NUMBER OF S E C U R I T Y  L E V E L S  BY WHICH A C C E S S  TO F I L E  DATA 
I S  TO BE P ROT E C T E D .  THE NUMBER MUST BE GREATER THAN ZERO AND L E S S  THAN  
1 3 .  THE DEFAULT REPLY I S  1 2 .
: *-40
4 0  I N V A L I D  S E C U R I T Y  L E V E L .  P L E A S E  ENTER CORRECT V A L U E .
;*-4 ,
EMPTY CATALOGUE WITH 4 S E C U R I T Y  L E V E L S  CREATED ON 
2 1 / 1 2 / 7 8  AT 1 4 / 5 3 / 2 4  AND READY FOR U S E .
C a t a l o g u e  C o n t r o l  R e c o r d




20. CHANGE CATALOGUE PASSWORD
MACRO TO CHANGE CATALOGUE PASSWORD.
P L E A S E  TYPE THE OLD PASSWORD.
; -CATPWORD
CATPWORD I S  AN I N V A L I D  P A S S WOR D .  TASK ABANDONED.
MACRO TO CHANGE CATALOGUE P AS S WORD.
P L E A S E  TYPE THE OLD PASSWORD.
: - C A T P A I aA) -
P L E A S E  TYPE THE NEW PASSWORD OF UP TO 8  CHARACTERS .  
: - C A T A P A S S




CATALOGUE L I B R A R I A N ,
T H I S  MACRO U P D A T E S  THE DAT ABAS E  CATALOGUE OF  F I L E  D E S C R I P T I O N S .
P L E A S E  T Y P E  T H E  CATALOGUE PASSWORD
: t - K A T A P A S S
K A T A P A S S  I S  AN I N V A L I D  P A S S W O R D .  RUN T E R M I N A T E D .
CATALOGUE L I B R A R I A N ,
T H I S  MACRO U P D A T E S  THE DAT AB AS E  CATALOGUE OF  F I L E  D E S C R I P T I O N S
P L E A S E  E NT E R  THE CATALOGUE PASSWORD
: - C A T A P A S S
o25
22. LIBPRELIM AND L'IBDELETE .
DO YOU WISH TO ADD A NEW F I L E  D E S C R I P T I O N  OR DELETE AN E X I S T I N G  ONE?  
P L E A S E  TYPE ADD OR D E L E T E ,  AT END T Y P E  F I N I S H .
: ^ D E L E E t
DELEFT I S  AN I N V A L I D  R E S P ONS E
P L E A S E  TYPE ADD OR D E L E T E ,  AT END TYP E F I N I S H .
UNDELETE
PL E A S E  TYPE THE NAME OF THE F I L E  WHOSE D E S C R I P T I O N  YOU WI SH TO DELETE  
Î - STAFF
P L E A S E  TYPE PASSWORD FOR TOP S E C U R I T Y  LEVEL FOR F I L E  
STAFF
S T A F P A S S
S T A F P A S S  I S  NOT AN ACCEPTABLE P AS S WORD.  REQUEST CANCELLED.
DO YOU WISH TO ADD A NEW F I L E  D E S C R I P T I O N  OR DELETE AN E X I S T I N G  ONE?
P L E A S E  TYPE ADD OR D E L E T E ,  AT END TYP E F I N I S H .
Î ♦‘ DELETE
P L E A S E  TYPE THE NAME OF THE F I L E  WHOSE D E S C R I P T I O N  YOU WISH TO DE L E T E  
Î - STAFF
P L E A S E  TYPE PASSWORD FOR TOP S E C U R I T Y  LEVEL FOR F I L E  
STAFF  
S T A F F !
CATALOGUE UPDATED ON 2 1 / 1 1 / 7 8  AT 1 9 / 5  1 / 1 9
DO YOU WISH TO ADD A NEW F I L E  D E S C R I P T I O N  OR D E LETE AN E X I S T I N G  ONE?
P L E A S E  TYPE / \DD OR D E L E T E ,  AT END TYP E F I N I S H .
• - F I N I S H
O
o, 36
23. LIBPRELIM AND LIBADD :'
DO YOU WISH TO ADD A NEW F I L E  D E S C R I P T I O N  OR DELETE.  AN E X I S T I N G  ONE?  
P LEAS E TYPE ADD OR D E L E T E ,  AT END TYP E F I N I S H .
: - A D D
P L E A S E  TYPE THE NAME OF THE F I L E  WHOSE D E S C R I P T I O N  YOU 
WISH TO ADD.
: - DEPARTMENT
P l e a s e  t y p e  p a s s w o r d  f o r  t o p  s e c u r i t y  l e v e l  f o r  f i l e
DEPARTMENT --
Î - D E P T Î
P L E A S E  TYPE t h e  NUMBER OF F I E L D S  I N A RECORD OF F I L E  
: - 4
P L E A S E  TYPE THE PASSWORD FOR S E C U R I T Y  LEVEL 2  
Î - D E P T 2
PLEAS E TYPE THE PASSWORD FOR S E C U R I T Y  LEVEL 3 
Z - D E P T 3
P L E A S E  TYPE THE PASSWORD FOR S E C U R I T Y  LEVEL 4 
: - D E P T 4
P L E AS E  TYPE UP TO 7 0  CHARACTERS OF D E S C R I P T I O N  ABOUT F I L E  
: - DEPARTMENT D E S C R I P T I O N  RELATI ON  
ON WHICH STORAGE MEDIUM I S  T H I S  F I L E ?
P L E A S E  TYPE 2  CHARACTERS ,  MT FOR MAGNETIC TAPE  
CR FOR PUNCHED C A R D S .  PT F O R  PAPER TAPE  
ED FOR EXCHANGEABLE D I S C  STORE  
: - MT
P L E A S E  ENTER BLOCKS I ZE
z - 3 9 6  . , V
P L E A S E  TYPE MAXIMUM NO.  OF CHARACTERS I N  A RECORD 
: - 6 6
P L E A S E  TYPE THE F I L E  LABEL WHICH MAY B E  UP TO 12  
CHARACTERS LONG.  E X C E S S  CHARACTERS WILL BE I GNORED.
: - DEPARTMENT
P L E AS E  TYPE NO.  OF SEQUENCE KEY F I E L D S  
; - l
YOU ARE ABOUT TO BE ASKED FOR D E T A I L S  OF F I E L D S  WI T H I N  A RECORD 
WHERE P O S S I B L E  P L E A S E  ENTER F I E L D  NAMES I N  AS CENDI NG START P O S I T I O N  
( J )  AS T H I S  MAKES FOR MORE E F F I C I E N T  P R O C E S S I N G  
P LEAS E TYPE THE NAME OF F I E L D  NO." 1 
: - D E P T - N O
WHICH S ECURI TY LEVEL DO YOU WISH TO A S S I G N  TO D E P T - N O ?
PLE AS E  TYPE A NUMBER I N THE RANGE 1 TO 4 .  1 = H I G H E S T  LEVEL  
4  = LOWEST LEVEL
: - 4  ' .
IN WHICH CHARACTER P O S I T I O N  DOES  THE F I E L D  START?
1 I S  THE F I R S T  CHARACTER P O S I T I O N  I N  THE RECORD 
: - 5
HOW MANY CHARACTER P O S I T I O N S  DOES -THE F I E L D  OCCUPY?
:-2
DOES T H I S  F I E L D  CONTAI N NUMERIC OR ALPHANUMERIC DATA?
P L E A S E  TYPE N FOR NUMERIC OR A FOR ALPHANUMERIC  
: - N
P L E A S E  TYPE THE P O S I T I O N  OF THE DECI MAL P O I N T
RELATI VE TO THE RIGHTHAND CHARACTER OF THE F I E L D
TYPE L FOR LE F T  OR R FOR RI GHT FOLLOWED BY AN U N S I GNE D INTEGER
: - L 0
3 7
P L E A S E  T Y P E  F I E L D  KEY N O .  I N  THE RANGE 0 TO 9 
, , 0  D E N O T E S  A N ON- KE Y F I E L D ,  1 D E N O T E S  T H E  MAJ OR KEY 
• — 1 “
P L E A S E  I N D I C A T E  SE QUE NCE  O R D E R .  T Y P E  A F O R  A S C E N D I N G  OR
D FOR D E S C E N D I N G
: - A
P L E A S E  T Y P E  UP TO 7 0  C H A R A C T E R S  O F  D E S C R I P T I O N  ABOUT THE  F I E L D  
: - D E P A R T M E N T  NUMBER
P L E A S E  T Y P E  T H E  NAME OF F I E L D  NO.  2 •
: - D E P T - N A M E
WHI CH S E C U R I T Y  L E V E L  DO YOU WI S H TO A S S I G N  TO D E P T - N A M E ?
P L E A S E  T Y P E  A NUMBER I N  T H E  RANGE 1 TO 4 .  1 = H I G H E S T  L E V E L  
4  = LOWEST L E V E L  
■ : - 4
_ I N WHICH CHARACTER P O S I T I O N  D O E S  THE F I E L D  S T A R T ?
1 I S  T H E  FIRST CHARACTER P O S I T I O N  IN T H E  RECORD 
: - 7
HOW MANY CHARACTER P O S I T I O N S  D O E S  THE F I E L D  O CCUP Y?
DOES T H I S  F I E L D  C O N T A I N  NUMERI C OR AL P HANUME R I C  DAT A?
P L E A S E  T Y P E  N F OR NUMERI C OR A F OR AL P H A N U ME R I C  
; - A
p l e a s e  T Y P E  k e y  N O .  I N  T H E  RANGE 0  TO 9
0  D E N O T E S  A NON - K E Y  F I E L D ,  1 D E N O T E S  T H E  MAJOR KEY 
: - 0
CAN F I E L D  B E  T R E A T E D  AS A D O M A I N ? .  T Y P E  Y FOR Y E S  OR N FOR NO 
: - Y
P L E A S E  T Y P E  UP TO 7 0  C H A R A C T E R S  O F  D E S C R I P T I O N  ABOUT F I E L D  
: - D E P A R T M E N T  NAME
P L E A S E  T YP E  T H E  NAME OF F I E L D  N O .  3 
; - D E P T - L O C
WHI CH S E C U R I T Y  L E V E L  DO YOU W I S H  TO A S S I G N  TO D E P T - L O C ?
P L E A S E  T Y P E  A NUMBER I N  THE RANGE 1 TO 4 .  1 = H I G H E S T  L E V E L  
4  = LOWEST L E V E L
: - 4  . . -  . , , ;  :
I N WHI CH CHARACTER P O S I T I O N  D O E S  T H E  F I E L D  S T A R T ?
1 I S  T H E  F I R S T  CHARACTER P O S I T I O N  I N  THE  RECORD :
: - 2 7  - -  -  !i
HOW MANY CHARACTER P O S I T I O N S  D O E S  T H E  F I E L D  O C C UP Y?
:-20
DOES T H I S  F I E L D  C O N T A I N  NUMERI C OR AL P H A N U ME R I C  DATA?
P L E A S E  T Y P E  N F OR  NUMERI C OR A FOR A L P HANUME RI C 
: - A
P L E A S E  TYP E  F I E L D  KEY N O .  I N  T H E  RANGE 0 TO 9 ^  '
0  D E N O T E S  A NON- KE Y F I E L D ,  1 D E N O T E S  THE MAJOR KEY 
: - 0  .
CAN F I E L D  B E  T R E A T E D  AS  A D O M A I N ?  T Y P E  Y F OR  Y E S  OR N F OR NO 
: - N
P L E A S E  T Y P E  UP TO 7 0  C H A R A C T E R S  O F  D E S C R I P T I O N  ABOUT T HE  F I E L D  
; - D E P A R T M E N T  L O C A T I O N  
P L E A S E  T Y P E  THE NAME OF  F I E L D  N O .  4 
z - D E P T - M A N A G E R
WHICH S E C U R I T Y  L E V E L  DO YOU W I S H  TO ASSIGN TO D E P T - M A N A G E R ?  
P L E A S E  T Y P E  A NUMBER I N  T H E  RANGE ! TO 4 .  1 = H I G H E S T  L E V E L  
4  = LOWEST L E V E L  '
Z-.-4: ^
O
oIN WHICH CHARACTER POSITION DOES THE FIELD START?
1 IS THE FIRST CHARACTER POSITION IN THE RECORD 
: -47
HOW MANY CHARACTER P O S I T I O N S  DOES THE F I E L D  OCCUPY?
: - 2 0
DOES THIS FIELD CONTAIN NUMERIC OR ALPHANUMERIC DATA?
PLEASE TYPE N FOR NUMERIC OR A FOR ALPHANUMERIC 
: -A
P L E AS E  TYPE F I E L D  KEY NO.  IN THE RANGE 0 TO 9 
0 DENOTES A NON-KEY F I E L D ,  i DENOTES THE MAJOR KEY 
: -0
CAN FIELD BE TREATED AS A DOMAIN?. TYPE Y FOR YES OR N FOR NO 
: -Y
PLEASE TYPE UP TO 70 CHARACTERS OF DESCRIPTION ABOUT THE FIELD 
i-^EPARTMENT MANAGER
CATALOGUE UPDATED ON 2 1 /02 /78  A T  2 0 / 1 7 /4 4
DO YOU WISH TO ADD A NEW FILE DESCRIPTION OR DELETE AN EXISTING ONE?





C ontents o f  C atalogue i
1 ,  1 2 , 0  A T A P A S S ,  4 ,  2  1 / 0 2 / 7 . 9 , 2 0 / 1  7 / 4 4 ,
DE P A R T ME N T , 4 , O E P T l  , D E P T 2  , D E P T 3  , D E P T 4  ,
DEPARTMENT D E S C R I P T I O N  R E L A T I ON  
M T , 3 9 6 , 6 6 , DEPARTMENT , S , , ,  1 ,  
D E P T - N O , 4 , 5 , 2 , N , L 0 , 1 , A , ,
DEPARTMENT NUMBER : v ;
D E P T - N A M E , 4 , 7 , 2 0 , A , , 0 , , Y ,  '
DEPARTMENT NAME v
D E P T - L O C , 4 , 2  7 , 2 0 , A , , 0 , , N ,
DEPARTMENT LOCATI ON /  L
D E P T - MA N A G E R , 4 , 4 7 , 2 0 , A , , 0 , , Y ,
DEPARTMENT MANAGER .
APPENDIX X
LISTING OF GENERATED COBOL PROGRAM
1 .  COBOL PROGRAM STATEMENTS , 2




L I S T I N G  OF GENRATED COBOL PROGRAM
P a g e s  2  t o  9 o f  t h i s  a p p e n d i x  l i s t  t h e  COBOL p r o g r a m  
s t a t e m e n t s  w h i c h  w o u l d  b e  g e n e r a t e d  t o  s o l v e  t h e  m o d e l  p r o b l e m  
d e s c r i b e d  i n  S e c t i o n  5*9 o f  t h e  m a i n  t e x t  o f  t h i s  t h e s i s .  P a g e  1 0  
c o n t a i n s  a s a m p l e  o f  p r o g r a m  o u t p u t .
A v e r t i c a l  l i n e  a t  t h e  l e f t - h a n d  s i d e  o f  c e r t a i n  l i s t i n g  
l i n e s  i s  u s e d  t o  i n d i c a t e  s t a t e m e n t s  w h i c h  c o me  f r o m  ' g r o w n '  
m a c r o s .  I n t e r m e d i a t e  b l a n k  l i n e s  i n  t h e  p r o g r a m  l i s t i n g  a r e  n o t  
(^) s i g n i f i c a n t .
O
oo
* 1 OE NT I T Y COBL 
^COMPI LE
*COBOL CARDS ( GENPROG)  ■
* 0 8 J E C T  EDS ( I C L A - D E F A U L T )  , •
^STANDARD
♦ C ONS OLI DATE EDS XPCK
♦ SUBGROUPS EDS ( SUBGRO UP S - R  S)
♦LOAD
♦ LI ST S P -'♦♦♦♦ .\ .
I D E N T I F I C A T I O N  D I V I S I O N ,
■ P R O G R A M- I D .  COBL0 1 .  '  '
D A T E - W R I T T E N .  0 9 / 1 2 / 7 7 .  ,
ENVIRONMENT D I V I S I O N .  . i '
c o n f i g u r a t i o n ' S E C T I O N .  ; h
SOURCE- COMPUTER.  I C L - 1 9 0 7  .
OB J E C T - C OMP U T E R .  I C L - 1 9 0 7  MEMORY SI ZE 1 9 0 0 0  WORDS.  
S P E C I A L - N A M E S .
♦DATE I S  Z - D A T E  ♦ T I M E  I S  Z - T I M E .
I N P U T - O U T P U T  S E C T I O N .
F I L E - C O N T R O L .  SELECT Z - R E P O R T - F I  LE A S S I G N  TO P R I N T E R  1
SELECT Z - F l L E - 1  A S S I G N  TO T A P E S  1 .
SELECT Z - F I L E - 2  A S S I G N  TO T A P E S  2 .
SELECT Z - F l L E - 3  A S S I G N  TO CARD- READER 1 .
DATA D I V I S I O N .
F I L E  S E C T I O N .
F D Z - R E P O R T - F I LE
LABEL RECORDS OMI TTED  
DATA RECORD I S  Z - O U T R E C .
0 1  Z- OUTREC P I C T U R E  X ( 7 0 ) .
FD Z - E I L E - 1
BLOCK c o n t a i n s  3 9 6  CHARACTERS  
RECORD C ONTAI NS  6 6  CHARACTERS
LABEL RECORDS STANDARD VALUE OF I D "DEPARTMENT "  
DATA RECORD I S  Z - I N R E C l .
01 Z - l N R E C l .
0 2  Z - l M - R E C l -  1 .
0 3 F I L L E R  p i c t u r e  X(  4 ) .
0 3  D E P T - N O  P I C T U R E  9 ( 2 ) .
0 3  F I L L E R  P I C T U R E  X ( 4 0 ) .
0 3 DEPT- MANAGER P I C T U R E  X ( 2 0 ) .
FD Z - F l L E - 2
BLOCK CONT AI NS  4 9 0  CHARACTERS  
RECORD C O NT AI NS  7 0  CHARACTERS
LABEL RECORDS STANDARD VALUE OF I D " P E R S O N N E L  " 
DATA RECORD I S  Z - I N R E C 2 .  .
0 1  Z - I N R E C 2 .
0 2  Z - I N - R E C 2 - 1 .
0 3  F I L L E R  P I C T U R E  X ( 4 ) ,  ' ' ■
0 3  EMPLOYEE- NO P I C T U R E  9 ( 4 ) .
0  3 F I L L E R  P I C T U R E  X ( S 2 ) .
0 3  J O I N - Y E A R  P I C T U R E  9 ( 2 ) ,
0  3 J OI N- MONTH P I C T U R E  9 ( 2 ) .
0 3  J O I N - D A Y  P I C T U R E  9 ( 2 ) .
0 3  F I L L E R  P I C T U R E  X ( 4 ) ,  :
oo
F D Z - F I L E - 3
. B L O C K  CONTAI NS  8 0  CHARACTERS  
RECORD C ONTAI NS  8 0  CHARACTERS  
LABEL RECORDS OMITTED  
DATA RECORD I S  Z - I N R E C 3 .  '
0 1  Z - I N R E C 3 .
0 2  Z - I N - R E C 3 - 1 .
0 3  D E P T - N O  P I C T U R E  X ( 2 ) .
0  3 EMPLOYEE- NO P I C T U R E  X ( 4 ) .  
0 3  EMPLOYEE- NAME P I C T U R E  X ( 2 0 )  
0 3  F I L L E R  P I C T U R E  X ( 5 4 ) .  
WORKING- STORAGE S E C T I O N .
7 7  
7 7  
7 7  
7 7  
7 7  
7 7  
7 7  
7 7  
7 7  
7 7  









Z - E O F - 1  P I C T U R E  9 VALUE 0  USAGE COMPUTATI ONAL.
Z - E O F - 2  P I C T U R E  9 VALUE 0  USAGE COMPUTATI ONAL.
Z - E O F - 3  P I C T U R E  9 VALUE 0 USAGE COMPUTATI ONAL.  
Z - E O F - C O U N T  P I C T U R E  9 VALUE 0 USAGE COMPUTATI ONAL.
Z P I C T U R E  9 USAGE COMPUTATI ONAL.
Z1 P I C T U R E  9 USAGE COMPUTATI ONAL.
Z - L I N E - C O U N T  P I C T U R E  9 9  VALUE 0  USAGE COMPUTATI ONAL.  
Z - P A G E - S W I T C H  P I C T U R E  9 VALUE 0 USAGE COMPUTATI ONAL.  
Z - A D V - L I N E S . P I C T U R E  9 9  VALUE 0  USAGE COMP UTATI ONAL. .  
Z - I G N O R E  P I C T U R E  9 VALUE 0 USAGE COMPUTATI ONAL.  
Z - M A X - L I N E S  P I C T U R E  9 9  VALUE 4 5  USAGE COMPUTATI ONAL.  
Z - C O N T R O L - T O T A L S .
0 2  Z - L E V E L - 1 .
0 3  M O N T H S - SERVI CE P I C T U R E  S 9 ( 1 8 )
VALUE 0 USAGE COMPUTATI ONAL.
0 3  N 0 - E M P L O Y E E S  P I C T U R E  S 9 ( 1 8 )
VALUE 0 USAGE COMPUTATI ONAL.
0 2  Z - L E V E L - 0 .  '
0 3  M O N T H S - SERVI CE P I C T U R E  S 9 ( 1 8 )
VALUE 0  USAGE COMPUTATI ONAL.
0 3  N 0 - E M P L O Y E E S  P I C T U R E  S 9 C 1 8 )
VALUE 0 USAGE COMPUTATI ONAL.
Z - L I N E - C O U N T S .
0 2  Z - L - C - 1  P I C T U R E  9 9  VALUE 6 USAGE  
0 2  Z - L - C - 2  P I C T U R E  9 9  VALUE I USAGE  
F I L L E R  R E D E F I N E S  Z - L I N E - C O U N T S .
0 2  Z - L - C  P I C T U R E  9 9  OCCURS 2  T I M E S  USAGE C OMP UTATI ONAL.  
Z - C 0 N T R 0 L - 8 R E A K .
0 2  D E P T - N O  P I C T U R E  9 ( 2 ) .
Z - T I T L E - 1 .
0 2  F I L L E R  P I C T U R E  X ( 1 5 )  VALUE S P A C E S .
0 2  F I L L E R  P I C T U R E  X ( 3 8 )  VALUE  
" X . Y . Z .  MANUFACTURING COMPANY L I M I T E D  " .
Z - T I T L E - 2 .




0 2  F I L L E R  P I C T U R E  X ( 2 4 )
0 2  F I L L E R  P I C T U R E  X ( 2  1)
•• LONG S E R V I C E  REPORT  
Z - T I T L E - 3 .
0 2  F I L L E R  P I C T U R E  X ( 2 8 )
0 2  F I L L E ;  P I C T U R E  X ( 1 4 )
•• C O N F l D p N T I  AL " .
Z - P A G E - 1 .
0 2  F I L L E R  P I C T U R E  X ( 5 7 )
" LONG S E R V I C E  REPORT FOR THE  
0 2  F I L L E R  P I C T U R E  X ( 8 )  VALUE  
" 7 7  PAGE " .




S P A C E S .
YEAR ENDI NG 3 1 S T  DECEMBER 19'
0  1 Z - H E A D l - 1 .
0 2  F I L L E R  P I C T U R E  X ( 1 6 )  VALUE  
’• DEPARTMENT NO.
0 2  D E P T - N O  P I C T U R E  Z 9 .
0 2  F I L L E R  P I C T U R E  X ( 2 2 )  VALUE  
’• DEPARTMENT MANAGER 
0 2  DEPT- MANAGER P I C T U R E  X ( 2 0 ) .
0 1  Z - H E A D l - 2 .
0 2  F I L L E R  P I C T U R E  X ( 5 7 )  VALUE  
•’ EMPLOYEE NO.  EMPLOYEE NAME DATE OF J O I N I N G  LENGT" .
O
0 2  F I L L E R  P I C T U R E  X ( 1 3 )  
"H OF S E RVI CE
0 1 Z - K E A D l - 3 .
0 2  F I L L E R  P I C T U R E  X ( 3 5 )  
0 2  F I L L E R  P I C T U R E  X ( 1 6 )  
" DAY MONTH YEAR " .
0 2  F I L L E R  P I C T U R E  
0 2  F I L L E R  P I C T U R E  
•' YEARS  MONTHS " .
0 1  Z - D E T A I L - 1 .





S P A C E S .
X ( 5 )  VALUE S P A C E S .  
X ( 1 4 )  VALUE
S P A C E S .
VALUE
VALUE
ZZZ9  .  
VALUE
VALUE
0 2  EMPLOYEE- NO P I C T U R E  ZZZ9 .
0 2  F I L L E R  P I C T U R E  X ( 7 )  VALUE S P A C E S .  
0 2  EMPLOYEE-NAME P I C T U R E  X ( 2 0 ) .
0 2  F I L L E R  P I C T U R E  X ( 3 )  VALUE S P A C E S .  
0 2  JO I N - D A T E  P I C T U R E  X X B B B X X B B B X X .
0 2  F I L L E R  P I C T U R E  X ( 1 1 )  VALUE S P A C E S .  
0 2  L - O - S - Y E A R S  p i c t u r e  Z 9 ,
0 2  F I L L E R  P I C T U R E  X ( 2 )  VALUE S P A C E S .  
0 2  L - O - S - M O N T H S  P I C T U R E  Z 9 .
0 1 Z - S U B T O T A L l - 1 .
0 2  F I L L E R  P I C T U R E  X ( 1 6 )
•• DEPARTMENT NO.
0 2  D E P T - N O  P I C T U R E  Z 9 .
0 2  F I L L E R  P I C T U R E  X ( 1 9 )
" NO.  OF EMPLOYEES " .
0 2  N0 - E MP L O Y E E S  P I C T U R E  
0 2  F I L L E R  P I C T U R E  X ( 1 9 )
AVERAGE S E R V I C E  
0 2  A V - S E R - Y E A R S  P I C T U R E  Z 9 .
0 2  F I L L E R  P I C T U R E  X ( 2 )  VALUE S P A C E S .  
0 2  A V - S E R - MO N T H S  P I C T U R E  Z9 .
0  1 Z - T O T A L - 1 .
0 2  F I L L E R  P I C T U R E  X ( 1 6 )  VALUE  
" COMPANY TOTAL " .
0 2  NO- EMPLOYEES P I C T U R E  Z Z Z 9 .
0 2  F I L L E R  P I C T U R E  X(  1 L) VALUE  
•• EMPLOYEES
0 1  Z - T O T A L - 2 .
0 2  F I L L E R  P I C T U R E  X ( 3 0 )  VALUE  
•• AVERAGE LENGTH OF S E R V I C E  
0 2  A V - S E R - Y E A R S  P I C T U R E  Z9 .
0 2  F I L L E R  P I C T U R E  X ( 7 )  VALUE  
" Y E ARS
0 2  A V - S E R - M O N T H S  P I C T U R E  Z 9 .
0 2  F I L L E R  P I C T U R E  X ( 8 )  VALUE  
•• MONTHS " .
o0 1 Z - T I I P L E .
0 2  ZOATE P I C T U R E  X ( 8 ) .
0 2  Z T I M E  P I C T U R E  X ( 8 ) .
0 2  Z - P A G E - C O U N T  P I C T U R E  9 9 9 9  VALUE 0  USAGE C O M P U T A T I O N A L .  
0 2  D E P T - M A N A G E R  P I C T U R E  X ( 2 0 ) .
0 2  D E P T - N O  P I C T U R E  S 9 ( 2 )  USAGE C O M P U T A T I O N A L .
0 2  E MP L O Y E E - N A ME  P I C T U R E  X ( 2 0 ) .
0 2  E M P L O Y E E - N O  P I C T U R E  S 9 ( 4 )  USAGE C O M P U T A T I O N A L .
0 2  J O I N - D A Y  P I C T U R E  5 9 ( 2 )  USAGE C O M P U T A T I O N A L .
0 2  J O I N - M O N T H  P I C T U R E  S 9 ( 2 )  USAGE C O M P U T A T I O N A L .
0 2  J O I N - Y E A R  P I C T U R E  S 9 ( 2 )  USAGE C O M P U T A T I O N A L .
0 2  W O R K - I T E M  P I C T U R E  S 9 ( 1 8 )  C OMP UT AT I ONAL  VALUE 
0 .
0 2  L - O - S - Y E A R S  P I C T U R E  S 9 ( 2 )  CO MP U T A T I O N A L  VALUE 
0 .











NO- EMPLOYEES P I C T U R E  S 9 ( l ) COMPUTATIONAL VALUE  
A V - S E R - Y E A R S  P I C T U R E  5 9 ( 2 )  COMPUTATIONAL VALUE  
A V - S E R - M O N T H S  P I C T U R E  S 9 ( 2 )  COMPUTATIONAL VALUE  
M O N T H S - SERVI CE P I C T U R E  S 9 ( 3 )  COMPUTATIONAL VALUE
O
J O I N - D A T E .
0 3  Z - J O I N - D A Y  P I C T U R E  X ( 2 ) .
0 3  Z - J O I N - M O N T H  P I C T U R E  X ( 2 ) \
0 3  Z - J O l N - Y E A R  P I C T U R E  X ( 2 ) .
0 1  Z - T U P L E - N .
0 2  DEPT- MANAGER P I C T U R E  X ( 2 0 ) .  -
0 2  D E P T - N O  P I C T U R E  S 9 ( 2 )  USAGE COMPUTATI ONAL.
0 2  EMPLOYEE-NAME P I C T U R E  X ( 2 0 ) .
0 2  EMPLOYEE- NO P I C T U R E  S 9 ( 4 )  USAGE COMPUTATI ONAL.
0 2  J O I N - D A Y  P I C T U R E  S 9 ( 2 )  USAGE COMPUTATI ONAL.
0 2  J OI N- MONT H P I C T U R E  S 9 ( 2 )  USAGE COMPUTATI ONAL.
0 2  J O I N - Y E A R  P I C T U R E  S 9 ( 2 )  USAGE COMPUTATI ONAL.
PROCEDURE D I V I S I O N .
Z - l N I T l A L  S E C T I O N .
Z - P A R A - 1 .  OPEN I NPUT
Z - F l L E - I  "
Z - P I L E - 2  
Z - F l L E - 3
OUTPUT Z - R E P O R T - F I L E .
PERFORM Z - E N D - P A G E - C O U N T S  VARYI NG Z FROM 2  BY - 1  U N T I L  Z 
EQUALS 1 .  . .
PERFORM Z - S T A R T - L I N E  VARYI NG Z FROM 1 BY 1 U N T I L  Z GREATER  
THAN 2  .
ACCEPT ZDATE I N  Z - T U P L E  FROM Z - D A T E .
ACCEPT ZTI ME I N  Z - T U P L f  FROM Z - T I M E .
PERFORM Z - R E A D - 1 .  '
PERFORM Z - R E A D - 2 .
PERFORM Z - R E A D - 3 .
Z - P A R A - 2 .
PERFORM Z - F E T C H - T U P L E .  I F  Z - I G N O R E  EQUALS 1 GO TO Z - P A R A - 2  
MOVE CORRESPONDI NG Z - T U P L E - N  TO Z - T U P L E .
MOVE CORRESPONDI NG Z - T U P L E  TO Z - C O N T R O L - B R E A K . .
PERFORM Z - P A R A - T I T L E .
PERFORM Z - P A R A - P A G E .
oo
Z - P R O C E S S I N G  S E C T I O N .
Z - P A R A - 3 .
! MOVE J O I N - D A Y  I N Z - T U P L E  TO Z - J O l N - D A Y  IN  
J O I N - D A T E  I N Z - T U P L E .  -
MOVE J OI N- MONTH IN Z - T U P L E  TO Z - J O I N - M O N T H  IN 
J O I N - D A T E  IN Z - T U P L E .
MOVE J O I N - Y E A R  I N  Z - T U P L E  TO Z - J O I N - Y E A R  IN 
J O I N - D A T E  IN Z - T U P L E .
SUBTRACT J O I N - Y E A R  I N Z - T U P L E  FROM 
7 7 G I V I N G
WORK-ITEM I N Z - T U P L E .
MULTI PLY WORK-ITEM I N Z - T U P L E  BY
12 G I V I N G
MO N T H S - S E R V I C E  I N  Z - T U P L E .
SUBTRACT J OI N - MON T H I N Z - T U P L E  FROM
13  g i v i n g
WORK-ITEM I N  Z - T U P L E .
ADD WORK-ITEM I N Z - T U P L E ,  .
MO N T H S - S E R V I C E  I N  Z - T U P L E  G I V I N G  
M O N T H S - S E R V I C E  I N Z - T U P L E .
D I V I D E  MO N T H S - S E R V I C E  I N Z - T U P L E  BY  
12 G I V I N G
L - O - S - Y E A R S  IN Z - T U P L E  
REMAINDER L - O - S - M O N T H S  I N Z - T U P L E .
IF
L - O - S - Y E A R S  I N Z - T U P L E  NOT L E S S  THAN 
10
GO TO Z - P A R A - 4 .  GO TO Z - P A R A - 5 .
Z - P A R A - 4 .
PERFORM Z - P A R A - A D D . .
PERFORM Z - P A R A - W R I T E .
Z - P A R A - S .  PERFORM Z - F E T C H - T U P L E .
IF Z - I G N O R E  EQUALS 1 GO TO Z - P A R A - 5 .
PERFORM Z - S E Q U E N C E - B R E A K .  GO TO Z - P A R A - 3 .
Z - F I N A L  S E C T I O N .
Z - P A R A - F I N A L .
PERFORM Z - T O T A L  1 .
IF  Z - L I N E - C O U N T  GREATER THAN 4 3  PERFORM Z - P A R A - P A G E .
D I V I D E  M O N T H S - S E R V I C E  IN Z - L E V E L - 0  BY 
NO- EMPLOYEES IN Z - L E V E L - 0  G I V I N G  
WORK-ITEM I N Z - T U P L E .
D I V I D E  WORK-ITEM I N  Z - T U P L E  BY 
12 G I V I N G
A V - S E R - Y E A R S  I N  Z - T U P L E  '
REMAINDER A V - S E R - M O N T H S  I N Z - T U P L E .
PERFORM Z - T O T A L 0 - W R I T E .  
z - c l o s e - d o w n .  c l o s e
Z - F l L E - 1 
Z - F I L E - 2  
Z - F I L E - 3
Z - R E P O R T - F I L E .  STOP RUN.
Z - O T H E R - P R O C E D U R E S  SECTI ON' .
Z - P A R A - A D D .  ADD CORRESPONDI NG Z - T U P L E  TO Z - L E V E L - 1 .  
Z - P A R A - W R I T E .
I F  Z - L I N E - C O U N T  GREATER THAN Z - L - C ( 2 )  PERFORM Z - P A R A - P A G E .  
MOVE CORRESPONDI NG Z - T U P L E  TO Z - D E T A l ' L - l .
ADD 1 TO Z - A D V - L I N E S .
WRITE Z- OUTREC FROM Z - D E T A I L - 1  AFTER ADVANCING Z - A D V - L I NES  
MOVE 0  TO Z - A D V - L I N E S .
ADD 1 TO Z - L I N E - C O U N T .
MOVE 0  TO Z - P A G E - S W I T C H .
oo
Z - E N D - P A G E - C O U N T S .  COMPUTE ZI = Z -  1 .
ADD Z - L - C ( Z )  TO Z - L - C ( Z l ) .  '
Z - S T A R T - L I N E ,  COMPUTE Z - L - C ( Z )  = Z - M A X - L l N E S  -  Z - L - C ( Z ) .  
Z - H E A D l .
I F  Z - L I N E - C O U N T  GREATER THAN Z - L - C (  1) '  PERFORM Z - P A R A - P A G E  
GO TO Z - H E A D l - E X I T .
I F  Z - P A G É - S W I T C H  EQUALS l GO TO Z - H E A D l - E X I T .
PERFORM Z - H E A D l - W R I T E .
Z - H E A D l - E X I T .  E X I T .
Z - T O T A L l  .
I F  Z - L I N E - C O U N T  GREATER THAN 4 2  PERFORM Z - P A R A - P A G E .
D I V I D E  M O N T H S - S E R V I C E  I N Z - L E V E L - 1  BY  
n o - e m p l o y e e s  i n  Z - L E V E L - 1  G I V I N G  
WORK-ITEM IN Z - T U P L E .
D I V I D E  WORK- ITEM I N  Z - T U P L E  BY  
12 G I VI NG
A V - S E R - Y E A R S  I N Z - T U P L E  
REMAINDER A V - S E R - M O N T H S  I N Z - T U P L E .
PERFORM Z - T O T A L l - W R I T E .
MOVE 0 TO Z - P A G E - S W I T C H .
ADD CORRESPONDI NG Z - L E V E L - 1  TO Z - L E V E L - 0 .
SUBTRACT CORRESPONDI NG Z - L E V E L - 1  FROM Z - L E V E L - 1 .  
Z - P A R A - T I T L E .
MOVE S P A C E S  TO Z - O U T R E C .
WRITE Z- OUTREC BEFORE ADVANCING C H A N N E L - 1 .
WRITE Z- OUTREC FROM Z - T I T L E - 1  AFTER ADVANCING 12 L I N E S .
WRITE Z- OUTREC FROM Z - T I T L E - 2  AFTER ADVANCING 2  L I N E S .
WRITE Z- OUTREC FROM Z - T I T L E - 3  AFTER ADVANCING 2  L I N E S .
Z - P A R A - P A G E .
MOVE S P A C E S  TO Z - O U T R E C .  ADD 1 TO Z - P A G E - C O U N T  IN Z - T U P L E .  
WRITE Z- OUTREC BEFORE ADVANCING C H A N N E L - 1 .
MOVE CORRESPONDI NG Z - T U P L E  TO Z - P A G E - 1 .
WRITE Z- OUTREC FROM Z - P A G E - 1 AFTER ADVANCING 2  L I N E S .
MOVE 1 TO Z - A D V - L I N E S .
MOVE 4 TO Z - L I N E - C O U N T .
MOVE 1 TO Z - P A G E - S W I T C H .
PERFORM Z - H E A D l - W R I T E .
Z - H E A D l - W R I T E .
ADD 2  TO Z - A D V - L I  N E S ’,"
WRITE Z- OUTREC FROM Z - H E A D l - 1 AFTER ADVANCING Z - A D V - L I N E S .
WRITE Z- OUTREC FROM Z - H E A D l - 2  AFTER ADVANCING 2  L I N E S .  ■
WRITE Z- OUTREC FROM Z - H E A D l - 3 AFTER ADVANCING 1 L I N E S .
MOVE 1 TO Z - A D V - L I N E S .
ADD 6 TO Z - L I N E - C O U N T .
Z - T O T A L l - W R I T E .
ADD 2  TO Z - A D V - L I N E S ,
MOVE CORRESPONDI NG Z - L E V E L - 1  TO Z - S U B T O T A L  1 - 1  .
MOVE D E P T - N O  I N  Z - T U P L E  TO D E P T - N O  I N  
Z - S U B T O T A L l - 1 .
N Z - T U P L E  TO A V - S E R - Y E A R S  IN
I N  Z - T U P L E  TO A V - S E R - M O N T H S  IN
MOVE A V - S E R - Y E A R S  
Z - S U B T O T A L l - 1 .
MOVE A V - S E R - M O N T H S  
Z - S U B T O T A L l - 1 .
WRITE Z- OUTREC FROM Z - S U B T O T A L  I -  1 AFTER Z - A D V - L I NES  
MOVE 1 TO Z - A D V - L I N E S .  , *
ADD 3 TO Z - L I N E - C O U N T ,
oo
Z - T O T A L 0 - W R I T E .
ADD 2  TO Z - A D V - L I N E S .
MOVE CORRESPONDI NG Z - L E V E L - 0  TO Z - T O T A L - 1 .
WRITE Z - OUTREC PROM Z - T O T A L - 1  AFTER ADVANCING Z - A D V - L I N E S .  
MOVE CORRESPONDI NG Z - T U P L E  TO Z - T O T A L - 2 .
WRITE Z- OUTREC FROM Z - T O T A L - 2  AFTER ADVANCING 1 L I N E S .  
Z - R E A D - 1 S E C T I O N .
Z - R E A D - 1 - 1 .  READ Z - F l L E - 1  AT END GO TO Z - R E A D - 1 - 2 .
GO TO Z - R E A D - 1 - E X I T .
Z - R E A D - 1 - 2 .  MOVE 1 TO Z - E O F - 1 .
Z - R E A D - 1 - E X I T .  E X I T .
Z - R E A D - 2  S E C T I O N .
Z - R E A D - 2 - 1 .  READ Z - F I L E - 2  AT END GO TO Z - R E A D - 2 - 2 .
GO TO Z - R E A D - 2 - E X I T .
Z - R E A D - 2 - 2 .  MOVE 1 TO Z - E O F - 2 .
Z - R E A D - 2 - E X I T .  E X I T .
Z - R E A D - 3  S E C T I O N .
Z-READ, - 3 - 1 .  READ Z - F l L E - 3  AT END GO TO Z - R E A D - 3 - 2 .
GO TO Z - R E A D - 3 - E X I T .
Z - R E A D - 3 - 2 .  MOVE 1 Z - E O F - 3 .
ADD 1 TO Z - E O F - C O U N T .
Z - R E A D - 3 - E X 1 T .  E X I T .
Z - S E Q U E N C E - B R E A K  S E C T I O N .
Z - B R E A K - 1 .
I F  D E P T - N O  I N  Z - T U P L E - N  EQUALS D E P T - N O  I N  
Z- CONT ROL - B RE AK GO TO Z - B R E A K - 1 - E X I T .
PERFORM Z - T O T A L l .
MOVE CORRESPONDI NG Z - T U P L E - N  TO Z - T U P L E .
MOVE CORRESPONDI NG Z - T U P L E  TO Z - C O N T R O L - B R E A K .
PERFORM Z - H E A D l  THRU Z - H E A D l - E X I T .
GO TO Z - B R E A K - E X I T .
Z - B R E A K - 1 - E X I T .  E X I T .
Z - B R E A K - M O V E .  MOVE CORRESPONDI NG Z - T U P L E - N  TO Z - T U P L E .  
Z - B R E A K - E X I T .  E X I T .
Z - F E T C H - T U P L E  S E C T I O N .
Z - E N D - O F - D A T A - T E S T . I F  Z - E O F - C O U N T  EQUALS I, GO TO Z - F l N A L .
MOVE 0  TO Z - I G N O R E .  
z- s e t - t u p l e - k e y .
MOVE D E P T - N O  I N  Z - I N R E C 3  TO D E P T - N O  
I N Z - T U P L E - N .  Y*
MOVE EMPLOYEE- NO I N  Z"-I NR EC 3 TO EMPLOYEE- NO  
IN Z - T U P L E - N .
Z - S E T - T U P L E - D A T A - 1 .
I F  Z - E O F - 1  EQUALS 1 GO TO Z - O P T I O N - 1 .
Z - M A T C H - 1 .
I F  D E P T - N O  I N  Z - l N R E C l  GREATER THAN ' '
D E P T - N O  I N Z - T U P L E - N  GO TO Z - O P T l O N - 1 ,
I F  D E P T - N O  I N  Z - l N R E C l  L E S S  THAN 
D E P T - N O  I N Z - T U P L E - N  GO TO Z - F E T C H - 1 .
MOVE DEPT- MANAGER I N  Z - l N R E C l  TO DEPT- MANAGER  
I N Z - T U P L E - N .
GO TO Z S M O V E - 1 - E X I T .
Z - F E T C H - 1 .  PERFORM Z - R E A D - 1 .
I F  Z - E O F - 1  EQUALS 0  GO TO Z - M A T C H - 1 .
CLOSE Z - F I L E - 1 R E T A I N  OPEN I NP UT Z - F I L E - 1 MOVE 0  TO Z - E O F - 1 .  
PERFORM Z - R E A D - 1 .
oZ - O P T I O N - 1 .
MOVE 1 TO Z - I G N O R E .
Z - M O V E - 1 - E X I T .  E X I T .
Z - S E T - T U P L E - D A T A - 2 .
I F  Z - E O F - 2  EQUALS 1 GO TO Z - O P T i O N - 2 .
Z - M A T C H - 2 .
I F  EMPLOYEE- NO I N  Z - I N R E C 2  GREATER THAN 
EMPLOYEE- NO I N Z - T U P L E - N  GO TO Z - O P T I O N - 2 .
I F  e m p l o y e e - N O  I N  Z - I N R E C 2  L E S S  THAN 
EMPLOYEE- NO I N  Z - T U P L E - N  GO TO Z - F E T C H - 2 .
MOVE J O I N - Y E A R  I N  Z - I N R E C 2  TO J O I N - Y E A R  
I N Z - T U P L E - N .
MOVE J OI N- MONTH I N  Z - I N R E C 2  TO J OI N - MON T H  
IN Z - T U P L E - N .
MOVE J O I N - D A Y  I N  Z - I N R E C 2  TO J O l N - D A Y  
IN Z - T U P L E - N .
I
GO TO Z - M 0 V E - 2 - E X I T .
Z - F E T C H - 2 .  PERFORM Z - R E A D - 2 .
I F  Z - E O F - 2  EQUALS 0  GO TO Z - M A T C H - 2 .
CLOSE Z - F I L E - 2  R E T A I N  OPEN I N P U T  Z - F I L E - 2  MOVE 0  TO Z - E O F - 2
PERFORM Z - R E A D - 2 .
Z - O P T I O N - 2 .
MOVE 1 TO Z - I G N O R E .
Z - M 0 V E - 2 - E X I T .  E X I T .
Z - S E T - T U P L E - D A T A - 3 .
MOVE EMPLOYEE-NAME I N  Z - l N R E C 3  TO EMPLOYEE- NAME  
IN Z - T U P L E - N .
: PERFORM Z - R E A D - 3 .**** , ■.
a
o10
LONG S E R V I C E  REPORT FOR THE YEAR ENDI NG 31 ST DECEMBER 1 9 7 7  PAGE 3
DEPARTMENT NO.  10  DEPARTMENT MANAGER F . G .  PAYTON-MCDOWELL
EMPLOYEE NO.  EMPLOYEE NAME DATE OF J O I N I N G  LENGTH OF S E RVI CE
DAY!MONTH YEAR Y EAS S I MONTHS
! 3 4 0 F . G .  PAYTON-MCDOWELL 1 6 0 4  ^ 6 2 15 9
5 0 0 J .  METCALFE 2 1 01 6 6 12 0
5 5 0 D . M .  MIDLANE 13 12 6 6 11 1
DEPARTMENT NO.  10  NO.  OF EMPLOYEES 3 AVERAGE S E R V I C E  1 2  11
DEPARTMENT NO.  1 2  DEPARTMENT MANAGER C . W.  RUS S E L L
EMPLOYEE N O .  EMPLOYEE NAME DATE OF J O I N I N G  LENGTH OF S E R V I C E
DAY MONTH YEAR YEARS  MONTHS
6 2 0  C . W .  RU S S E L L  18^ 0 6  6 2  1 5  7
DEPARTMENT NO.  12  N O . OF EMPLOYEES 1 AVERAGE S E R V I C E  1 5 .  7
DEPARTMENT NO.  1 4  DEPARTMENT MANAGER B . J . S .  MOORE
EMPLOYEE NO.  EMPLOYEE NAME DATE OF J O I N I N G  LENGTH OF S E R V I C E
DAY MONTH YEAR YEARS  MONTHS
9 1 0  B . J . S .  MOORE 2 0  0 4  61  16 9
DEPARTMENT NO.  14  NO.  OF EMPLOYEES 1 AVERAGE S E R V I C E  16  9
Co m p a n y  t o t a l  i s  e m p l o y e e s
AVERAGE LENGTH OF S E R V I C E  14  Y E A R S  6 MONTHS















G W A C 1 3 2 - D A T A  
59 UN IV ST
DI A L S ?
fÉl"îys""ïrKîflASsp86|8iiiS"îil^ ^^
C R E A T E  ANY I T E I i S  REQUIRED FOR HOLDING 
i n t e r m e d i a t e  r e s u l t s  o f  C A L C U L A T I O N S  O R  F O R  R EM AI NDERS A R I SI NG FROM
E.G. THE T E M P O R A R Y  DOMAIN A D D RESS  HAY BE C O M P O U N D E D  FROM T HE ^E XI STING  
^ O ^ g l ^ S ^ S ^ R E E T ^ p T o W N  AND POSTCODE. C O M PO UND DOMAINS ARE ALWAYS OF
INPUT
| 5 « « i















% > 0 0 0
%
1 S f f c ! ^ i A T E . N S ! 0 U  O F  D A T A B A S E  
N O T E . -  S E T  C i | F . C K ” O U ; T  U c .
'V G r K PT ^  5 '
b o T E ;  . P R I N T  I N T . % O D U C T O R \
F R B A D  # L L I N E , ^ S 0 1  
D E P O S I T O  «’ S O I S
C H E C K  P O I N T  5 










C A L L C O H V ( j i G D M C T , # G D I i C T )
R E A ! '  n i t '  ■^ k t p . a c t  c o u n t ;
N O T E :  c o m p o t e . m a x  V A L O R  O F  R E C O R D  P O I N T E R  
























































SQOAsir^ ' ' '
IF Z G S T C . G T . 1 , G ü T 0  6
WRITE
DEPÜSITO A L P M A N U n E R l C % D A T A ? S  
%^LL 7200
N O T E :  R E A D  AN D  V A L I D A T E  U S E R S  R E P L Y




W H î CH% CO NT AINS$
IF #LV1 ,EQ. ' V  :g OTO 10
N
OBEY 2100,9 
« U T e . . p Q U S s T . R E A D .  AMD :VALîtiAÏE ÎTEH f«R£.




IF PLNEWR.EQ.OfGOTO 11 
NOTE; INVALID NAME
D^gOSlTû # S 0 9 % l S % A N X I N V n L I D % N A H n % F O R % R E A S O N % L I S T E D % A B O V E $
GOTO 12
% U N 0 Y t r ^ & T N A R V Z 5 E A R C H  ;D WMAIN % K D E X \ F 0 &  DU&LICATE NAME 
CALL GOODIF #LIND,EQ.O,GOTO 13
DEPOSITO D O U A I N % ^ S O t % A L K E A D Y % E X I S T S | % P L E A S E % T H I H K % O F % A % N E W % N A M E . $
WRITE
GOTO 12
NOTF'  k f O U c R T  S T ? F  , ; r  T ’ F-B
DEPObllL H Ü W % M A n / f r t A R A  T E R S % D O E S % I T E M % j S 0 9 % C O N T A I N ?
WRITE
DEPOSITO T H E % D E F A U L T % R E P L Y % i S % 3 0 .
N^T^; READ AND V A L ID ATE SIZE
CALL 9000
SQUASH
| y | | J 8 : è T : 2 ; 1 8 1 o  : | 2
# GO UP =#GSTC
W m W A : ^
#60UP=1








27 % GOTO 16 ^ G
^9 y l 4  g^^oSlTO^stzEXlNVALID.Xl
31 % GOTO 17
32 %18 #LSIZE=30
G
% M U S T % L I E % I N % T H E % R A N G E % 1 % T 0 % 5 8 $























































| 2 1 2
I
| 2 1 3
ü E p ü & I Y Ü * ü ü % Ÿ o U % ü i s n % T ü r 3 N Y ü R % A N % % N I T I A L % V A L U E % I N % # S 0 9 ? S
WRITS.?.
DE&6s%T0 B Y % D E F A U L T % T " E % l T E M % U l L L % I N l T l A L L Y % C 0 N T A l N % 8 L A N K s , $
W R I T E
N 0 T E ; _ R 6 A D  AND V A L I D A T E  USERS RES PONSE
C A L i. 9 0 U U
0 ü § T C . G T , 1 , G O T ü  19 
C A L L F S T R ( # L V 1 , 1 , 1 )
OBEY 2 1 0 0,20
D E P O S % ^ 0 ^ P L E A S c ^ E N T Ë R % f M E % l N l T l A L % V A L U g % F O R % * S O 9 . % T H E % C H A R A C T E R S % $
WRITE
DEP OS ITO Y 0 U % T Y P E % W I L L % B E % P L A C E D % L E F T % J U S T I F I E D % I N % T H E % I T E M % A N D $
D^& Z^I TO P A D D E D % 0 U T % W I T H % B L A N K S . % E X C E S S % C H A R A C T E R S % W I L L % 8 E % I G N 0 R E $  
CAL LC OPY (57,0.)
c ^^ L^gooo 





riMAi» I I & EX ZAUD U P P A m # 5 & 0 & & f W © G O U # T
oEpoSlT^ 5 S 0 9 , E , ^ ' S 1 2 i , A , , 0 ,  , $
INSERT # L L O W , P S 0 2  
# G D HC Ta#GD HC T+1
O L S C S j P T i O N
02 #300 PICTURE X(^!LSIZE) VALUE ^asoi",
i^O^E*%SK^:f:iFr;Aa%U'ORS '.A^&HANjjH&kL{L..lTEl?S._'ARE.;T.O&BE:^aGRe#&BD 
DEPOS ITO  H A V E % Y O U % A N Y % U O R E % A L P M A N U n E P I C % I T E W S % T O % C R E A T E ? $
I P I r i t t t B ’ i  t « , ’‘î8S ièSfoi".’ ! î ,Ç Î1 i î i" g ,? J . iS ‘',“S !£S6"
P L N ER Ra O i
NOTE: T E M P O R A R I L Y  SAVE C O N TENTS OF INPUT BUFFER
S5HI»*'”' .
NOTE; C H k CK n o . o f  CHAR,iCT!-[5 Kfc'EP '
J6j|fagp-f!i,YÏ8sÈS!;?î^§f,,»Ks
î | j t e k f ! p i ; p f c S A 5 1 5 T E ,  „ „ „ „  0 .  z
IF K v I ,  Xn TV’-.U U O T O  204 
NOTE. CHE CK LAST C H A RACTER FOR HYPHEN 
# G I N A a # R S T G  .
205ki V r- ? . . t fsli r\ r*. i /> « î ^
a l p h a  c h a r a c t e r s
CH A R A C T E R
NOTË; TEST NUMERIC
#
NOTE: SET. UP LOOP TO CHECK pOR A L P H ABETI C,  NuMERIC AND HYPHEN ONLY














-2,71-% --  
202 %
m  i










2 ? 0 A 
2 21 - %








T E S T D I G T C P L V l ) "
ÎF #GTST.E(1.0,RO î O 207 
D EPO SITO i<UV1.........
: A:.-;. ! ; iOj.aAnaF.










AND TEST FOR END OF LOOP 
GOTO 214
A T _ L E 6 S T  ONE ALPHA CH ARACTER
GOTO
.E: NO A Ü p A A ' C A A R A C Î c R  PRESENT 
D EPO SITO A T % L E A S T % O N E % A L P H A B E T I C % C H A R A C T E R % M U S T % B E % I N C L U D E O S
LONG
H A N % # L L E W G % C H A R A C T E R S % I N % N A H E $
OED
E X I T
NOTE: NAME T O O  
D E P O S I T O  H O r E X -
GOTO 209
gfSfi.Sli»SEü.ll!aaM§!iEîil
s I nerr= i
BEPoâlT&^ZK0R%#YP"E^%N8t%ML^0wED%AS%FIRST%CHARAGTERSW R I T E
NOTE: LAST C H A R ACTE R HYPHEN
DE POS ITO H Y p H R N % N O T % A L L U W E D % A S % L A S T % C H A R A C T E R $
#LNEÜR=1 
GOTO 2l?
N O t | :  s e a r c h  D O t l A l H I l i D E X  F O R  T H E  D O M A I N  N A M E  C O N T A I N E D
l î H l i :  f < L ? î î y ' ^ ^ ' ‘ l ( î 8 l C ' A T r ) R '  ‘’ 8 = | - ; S u n d  1 = N 0 T  pOUND #LINDpO r r
S E I E C T  D O H A j N I t i u E X
StîriGHapGDÜcT
I F  j / U O U , G T . # l . m o H , r , O T O  R O O I
p g : U : m g ; g 8 ; ü
2LIND=1






































p g  Ê2200kl i  WRITE PE'/M
!91 %900Q 
2 9 2  %
li
| l f g U T | i j E  T O  R E A D  A R E S P O N S E  A N D  D E T E C T  A P L E A  F O R  H E L P  
EvWRITE 
READ
! f K « H ? É l i l ï l 6 k 5 ' . s o , «  0 0 0 ,
3on %9999 CONT '
3ü1 %END3 v2 * * * * * ** *
3v5 %DEF STA Gc5 -1 0m 





w f VA ^ ' I tv «y
'  lcig?:iliiragi»HîKiRfvæ5îsa{f,i„^
W R I T E , _
c a (|
2 3 .  8 T A G E 3 - 1  S U B F I L E
i;li
„ a s  2200











N^tn, .RLOUêsT.RcAD.  AND'UAL:/ATc ITEr ^AXE
WRIT^*"" PlE^SC%TYp^%THü%NAUc%OH%THC%NUnERlC%ITEM.$




CAlI"'800(7*'''’ 0'*HrtINI!!DEx FOR DUPLICATE NAME
I f  ffLI
NAlÜ&»^'f%AL^UAD^%#%Y3tfXPLEâSE%TMINf*uc%A%NEW%NAMErS
 ^ ' WRI^TE ^
IZ E UP -  % 7 FH% DEPÜSITÔ OF%Wnu%nANY%niGITS%DOES%#$09%CUN&IST?$
& D^&U^ITO THE%DEFAULr%REPLY%IS%18.$
% WRITE% NOTE; READ AND VALIDATE SIZECALL 9000
!p^'0^^TC,LT.1,GOTO 34




i # G T S T . N E . 0 , G Q T O  3 5
V J  3 5 ?  % #dOUPs1 . .
. .  , . . . . .  ®
f L S I Z E  




% y. O  I.i D  T V  P
t
iJ   T  *
D E P n g i T O  T H A N % A F T E R % T H E % R i G H T H O S T % D i G i T . S
wRITE
CALL 2 2 0 0
g O T p ç g g j P  AND v a l i d a t e  U S E R S  R E P L Y
s q O a s h
C A L L F S T R < # L V 1 . 1 > 1 )
I F  j ^ L V I  . I N .  I l i '  , G O T ü  4 0
a 5 T g ' : ] F # i ; r A # 8 N #
OBEY 2 1 0 0 , 3 8
NOTE: SET DEFAULT POINT LOCATION VALUESIkgAm'
G O T O  4 6vj w  I u t  w
| ipSl?p°ll |fHE|DE'c|nA[;i^tilNT%L8cÂ9iD%TO%THE%RIGKTXOR%LEFT'/.OFXTHE$
c A L Lcopy  ( 5 7 ,  « Las  I '*u 1 u 11 o
WRITE
DEposiTO p l e A s e ;;t y p l % l % foî!i;l e f t ;;ü r % r % f o r ?.r i g h t .%t h e % d e f a u l t % r e p l y $ 
^|L|JpppY<57,?.IS%RlOHT)
NO'Ie : re ad  and VALIDATE USERS REPLV
ÏF"o^^TC.GT.1,GOTO 42 
% CALLFSTR<4’L d IR,1 ,1 )
I . I M M k c i D ' - R A B M K s g
7.42 OBEY 2 1 0 0 , 4 5  
%43 # L D I R = ' R '
%6Y8RB5'RIGHT' ■
Ü44 î5 l Wü R D = ' l e f t '
a
Q
a@ 5|| I bEp6|îT(i L E N G T H % O F % A % M U U E R I C % L I T E R A l % I S % 6 0 % C H A R A C T E R S . $
5 4 4  % c a l l  9 0 0 0
A  5 ^ 6  V Ü 1 0 3  ? F ' ’ è' G S T C ^ E O  # G I N P , Q 0 T 0  8 1 0 1
5 4 ?  % 8 1 Q 4  ü G I N P = # n : N P 4 l  
5^§ % If^wGUJP L E a ^ G S ïCiGuTO  »10p
« 55? w’SI «llïSÿSiSSif"'''’'’'"
555 X T E STDIG T( 2lV1) #.
556 g l§ î/ 6T|T.E^.1»G0T0 8 1 0 7  ^
p, M 8  % Nofk: ROU TIN E TO SEARCH D O H a ININOEX FOR THE DOMAIN NAME CON TAINED
559 A NOTE; ïfl I?So9 . ■ . là
O  S s H . . . ,  i i l . P » " = ' ® î « î s p e , , „ u » „
RI f 4
ijj isl ^;a005 !rî^£î!o(‘(?^T*?KHlGH,üQTO 8001
i l  l i r l S i î s ^ " , ”  "5 7 0  % N O T E ;  E X T R A C T  D O M A I N  N A ME
I  L„ S i .
5 7 5  x a o o l  # L I N D = 1PI 1»"^  I P M I p » - ’
5 7 9  % Ü 0 0 3  P L L 0 W = # L C U R + 1
580 % GOTO 800 5
5 g  I  H 8 : i ;  m g a " :
5 d J  % 6 0 0  # L N E R R = ü  ' 'ip  I ' ^ m ^ T È  S A V E  C O N T E N T S  O F  I N P U T  B U F F E R
IL., -
Il 1- ^
B211  ' - ''r
g, ai R 205 .
| 9 9  1 ^ 1 2  AOiNPnl*'’’ '**’ ^ 0 0 0  TO CHECK pOR ALPHABETIC, -NUMERIC AND HYPHEN ONLY ' %ÛÏ t MdfkrzgROIsE C O U N T  OF ALPHA CHARACTERS^ 6U< A &LALPHPW
P i  h^ 3  ?3 U f s S i s ; i t 5 ; , # ? ? i?si ISSS-S , (SSiS?'lf,îf'’i?!?ÎIS,i'' - «
609 % TESTLETR<fHi/1 ) '
ftî Ô10 % If iïGTST.EQ;0,r,0TO 207 ^
mi ioH'astî?iisc5sa.o„.
e  6,5 % DE püSiTÜ d L V l % I N V A L : D % C H A R A C T E R . % O N L Y % A X T O % Z , % 0 % T O % 9 % A N D % - % A L L O W E S  p
615 % C A L L C U PY (54,D)
P i ^  I  W B i e ;  S E T  E R R O R  I N D I C A T O R  Of)
6 1 8  % W L N E R R  =  1 «
6 1 9  K,  ,  N O T E  : U P D A T E  P O I N T E R  AND T E S T  F O R  E N D  O F  L O O P  «
6 2 1  I  i 9 ^ % ^ l N B ! G % t # O S T C , G o T O  2 1 4
f  6 2 2  % g o t o  2 1 3
m  I -
p .  6 & 6  X D E P O S I T O  A T X L E A S T % O H E % A L P H A B E T I C % C H A R A C T E R % n U S T % B E % I N C L U D E D S
6 2 7  % W R I T EPilhos
{  )  6 3 0  % N O T E :  N A ME  T O O  L O N G
^  6 3 1  % 2 U 2  D E P O È I T 0  H O R E % T H A N % # L L E R G % C H A R A C T E R S % I N % N A M E S
Èî  ^ I i?^ |lR=1
4 9  6 3 4  % G O T O  Z 0 9ô h  U U T I) 6 U/
'3§ % NOTRA.eLANKS^NpT^A^iOW
536 % DEppSiTU 8L%NKSÜN0T%ALC0WEDS
o S (  A WR Î f fc
6 3 8  % # L N E R R s 1
6 x 9  % G O T O  2 1 0
i l l  1204  00p8sif6^z%u^%AY^^E0^N8tRME^Ou^D%AS%FIRST%CHARACTERS 
6 4 2  % W R I T E
i l l  i  S M S ' S î l
6 4 5  % N O T E :  L A S T  C H A R A C T E R  h Y P h E N




649 % G O T O  2I ?
ll? I h .7652 % G O T O  206653 N O T E :  C H A I M  T u  N E X T  S E C T I O N  O F  S T A G E
U  K4 CONTINUE
f
T S E C T I O N  O F  s t a g e
’M "  ^
6 5 7  % G O T O  9999
I S  hno " • « * «  «
2 o i  % ReiSpN
6 6 3  ^ 2 2 0 0  D E & b ë l T O * p l E A & E & f $ P & % $ § H O R % Ÿ E S ^ O R % N % F O R % N O . % T H E % D E F A U l T % R E P L Y % I S % $
6 6 6  % E X I T  .
'  "  % , N O T E '  R O U T I N E  T O  R E A D  A R E S P O N S E  A N D  D E T E C T  A P L E A  F O R  H E L P  &900C REPgSlTD ;$, 0  % W R I T E
6 ÿ 0  % R E A D
6 7 1  % C A L L V S T R ( 2 L V 1 , 1 , 5 )
^ L V 1 . E Q , ' % H E L P ' , G 0 T 0  9 0 0 1
6 7 %  % 9 0 0 1  C O ^ T l N ^
7 4 6  & D E P U S l y O  w l L L % B E % C O N C A T E N A T E D % I N % O R D E R % F R O H % L E F T % T O % R l G H ■ T » ^
7 4 7  % W H I T E  ' '  ' ' ' ®
7 #  % 7 6  D f p p S l T O  P l K A S E ' ; T Y P E X T H E X I J A I t E S n F % Î H E X f ? L U 0 R D % l ) 0 H A I N S T 0 ' / . 8 E X C ü H C A T g N S  
« CA|^.^COPY(57,ATEa,
2,7 AND VA L I D A T E  DOMAIN NAME
#  # 1  I B g t Z Ea gggs
7 5 5
756 % A6%Ei^^0MAÎN*A8T^IN^pAT^ %A%5
7 5 7  2 DEPoSlTO DOhAIN%pS0 3 %D6 cS%Nof%EXIST%IN%YOUR%DATABASEo h VI RITc
759 % G O T O  7 7
7 6 p  % C A L L V S T R ( Ü L V 1 , 0 , , )
o %764 %Z 6 5  »DD T O  G R O U P  S I Z E  C O U N T'!> / 06 /»7B
^  767 % # L C H C T = 2 L C H C T + f L S l Z E  #
%» 7 7 4  "  ^ " n O V E  # S 0 3  I N  Z ^ T U p i E  T O  2 S 0 3  I N  ^
a  7 7 8  % H A I N F U E , G W a C 1 3 2 " » A T A
a  7 8 2  % # L W O R D = ’ H E X t '
7 K Ï  K G O T O  7
NOTE;,T ES T pOR FIRST TIME
#  766 V, CAL LCO PY(57, OW ?)
787 % WRITE
788 % CALL 2200
, 3 0  M h o  %%IE ' 9 0 B # D  AND VALIDAT E REPLY
791 7. SQUASH
mI
795 % IF a L v 1 . E Q . ' Y ' , G d T 0  76
# OBEl'zlWoA&a* RESPONSE^
^  79d % NOTE; ENTÊR DOMAIN IN INDEX AND UPDATE COUNT
799 %82 RESET #S01
#
805 % WRI TE ^^^ C O M P O U N D X b o M n l , . S O O X C O N T A I N S X P L C H A R X C H A R A C T E R S X A N D X I S S  ^
^  8U6 % DEPUSI TO A L P H A N U M E R I C % I N % T Y p E .  ^
807 % WRITE
©  808 ilAYE""'0U%ANY%MWRE%cnMmUN0%D0f#TT^S%T0%CREATEJ7$
. . o
'-tn
477  XVVVY UUNriHUE " ............. -. - - Y  - —
6 7 8  % E N D
679 ** * * * * * *  ___
6 8 0  I N P U T  ,  _ ^
â l l  I S i f ^ ^ i ? Â G E 5 « ? . 8 a
g ,  % : z : a = N a T B : : = S A % E s p R E K , m U S E % z G . E M E R A l T E B " T E M P ; T K m - S T A T E M E N T S
M AI fJ F U  E A G W Ô £ 1 j  2 " A T1
ÜOTg: BkR^RA TE FIRST ST AT E M E N T S  FOR CONCAT MACRO
i i r ' '  M ff
2 4 .  STAGE5-2 SUBFILE













































7 / / .
7 5
WIRF
N O T E :
iNOT; :
,G0%C132-DAT1 
O F F E R  U S E R  O P T I O N  T O  C O N C A T E N A T E  D A T A  I T E M S
F R i A O  # I . L I N E , F ' S 0 1Ik
DEPOS IT O #SOla
0L^J^E=#LLINE*1  ^  ^ ^^
D E P U S I T ( I ' ^ D M Y 0 U % W I S H % T 6 % T E H P 0 R A R I L Y % E X T E N D % Y 0 U R % D A T A B A S E % B Y % T H E $
KB&ZElTÜ lNcLuSlON%üF%A%COHPOuND%DOMAIN?S 
WRITE
S Q U A S H  „ ,
A H P  V A L I D A T E  R E P L Y
u  9  0il 5l:;%l%::Y',ü8T6"7^
N O T E :  I N V A L I D  R E S P O N S E ^ txv  ^*| 0 0 *5^ 0
D E P O S I T O ^ P L F A S F # T Y P E % T M E % N A M E % O F X T H E % C O M P O U N D % D O M A I N % W H I C H % Y O U % W I S
CALLÇOpY<57,'Shr:TOXCREATE.>
l i i y E :  R E A D  
C A i , L  9 0 0 0
W M ”
AND y A L I D A y E  NAME
DEPUSIT8^#S09%IS%AN/^^
m s 4 4
N O T E ;
D ^ P G S
B I N A R Y  
W R I T E
. N u f r i  5A%E\lNDrX POiwTGm 
/iLDf)PT = HLLUM
I N V A L I D % N A M E % F O R % R E A S O N % L I S T E D % A B O V E , $
S E A R C H  D O M A I N I N D E X  F O R  D U P L I C A T E  NAME
^ALREADY%EXISTSi%PLLASE%THIHK%OF%A%NEW%NAME.$
NÜ?&^^l#tTjALlSEaG0üN7:&F/CH&f-*'F  
N U T E t - S È N E g ô ^ t q L g y n L ENTRY 
HAINFILE,GWAÇ132"DAT1
D O M A I N -  I T E M S














i L  ■ . . . . . . . . .iŸ7 I n  ^L?l3t J Ë M * - '  required
* ’ i N o Î E : ^ ? O T A L 3  r e q u i r e d  . i
4 3 0  % 7 Z  A Q T 0 T = 1
L ’\^ % ^LTOT®*S*
@  4 ^ ^  C O U N T  ^
4 8 4  % D E P u S l T Z  % S n 9 , ^ L T Ü T , ^ L S I Z E , N , ü L D l R # L S H F T , 0 , , N , $
I ' ■ /-N 486 % I g DMCT
488 % IF ^ L S d F T . E Q . G f G O T O  60
g i; ; k g A ; T ! 0 f : g U 9 § P /  s ^ i o  6%
491 % #LV6SPLSIZE"PLSHFT #0
492 % IF p L V 4 . E Q , 0 , G O T O  64
f ( Z )  o ë ^ # S 0 9  P I C T U R E  S 9 < # L V 4 ) V 9 ( # L S H F T )  C O M P U T A T I O N A L  V A L U E
4 9 5  % L A B E L O N  - %
ï ï V h o  l l l U h
C  4 ^ 3  „ , P S 0 9  p i c t u r e  S C < # L S I Z E )  C O M P U T A T I O N A L  V A L U E  g ,
499 % LABELUM * W
5 0 0  % G O T O  6 3
i P  f  p i c t u r e  S O C ? f l . S l Z E ) P ( # L S H F Ï ) V  C O M P U T A T I O N A L  V A L U E
5 U 3 T» U n D C U w r4 •
5 0 4  % G O T O  6 3
5 u 5  % 6 2  # L V 4 = # | S H F T - P L S I Z E
^ ' '  L A B E L g g F ^ g Q g  p i c t u r e  S V P ( Z L V 4 ) 9 ( H L S I Z E )  C O M P U T A T I O N A L  V A L U E  #
5 y 8  % L A B E L O N
| q 9  I  G O T O  6 3
* ” 5 n  p i c t u r e  S V p f # L S I Z S >  c o m p u t a t i o n a l  v a l u e  #
5 i P  % L A B E L O N
5 ' i 3  % 6 3  L A B E L O F F
’ * l \ i  % L A B E I . S i ® ’' ’ #
m  5'|6 % .. . NOT..' ASK Ip M O R E  .NUSifcR: C- ITEMS
^  5 'i 7  % D E P O  n o  HAVE:'.VtiU;;AiiY%Hc,RErr,-EHPORARVXNUriERIC!<ITEMS%TOXCREATE?$
' X ~ )  § ’1 5  i  n 8 Ï e !  C | , A i N  T O  n e x t  S T A ,  E #
5 2 0  X 5 6  C O N T I N U E  '
m.
5 2 4  N O T E :  R O U T I N E  T O  V A L I D A T E  A N U M E R I C  L I T E R A L  -  MAX S I Z E  6 0  C H A R S .
@
p  1 " ’ °' f n i f î 8 : î i î : I « n ' 5 ? o » 5 f 3 - ,
5Z8 % #QlNP=1
S f’“ llSiîüSti':»*™
IF # G T S T . E Q . i ; G O T O  8104 
d33 ÎF # L V 1 , E Q , # , * , G 0 T 0  8105 '
ï î ^  C^tj^|^|àJi;,^^y(|yç|^gEg^L.JAXSlG,r,%lFXPRESENT,XMUSTXBEXTHe%F,RSTXC$ «%
536 % WRITE
5 2 7  % D E P O S I T O  O p | R R 5 ' C H A R r t C T E l i 5 , % A P A R T % F R O M % T H E % 0 E C I M A L % P O I N T , X r i U S T X B E X S
W o  i  g g U C O P Y < 5 7 , D | G n . . , . . H f c ;  . 0
540 % DEPOSITO D E C i n A L % P O l N T % M A Y % N O T % B E % T H E % L A S T % C H A R A C T E R . % T M E % H A X l M u M $
cG  ë l É L l à ? | ( | ^ E f ^ f | | V | j ; | T H ; ; | ^ U n ^ E R % Ü F X p i G I T H P 0 S I T I 0 N S ! ; T H g X 0 E C I M A L Î ! P 0 $
4ù8 % WRITE "
p -  61 n % k^lTE*^^ TOXiHE%ü^DlR%OF%THK%RlqHTHOST%DlGIT.%DEFAULT%REPlY%IS%OS
6 1 3  % S Q U A S H
4)A % IF (USMFT.Eq.I i,Goro 57
I l  KSiSiiSai^ liss,
421 %57 I l s HFT^O
Hf i .  I ? Ï 8 i?^n«a( . îb rep ly4
O ® l ÿ  I _
446 L  §i?isii|^ 5s^ ' Of ZERO SET
445 K GQIQ 58
448 |^f||^ ^^’*^P^i^S[y,|ÉulE(îXT!iMifl;lTlALXVALUE%F0R%fiS09.$
$ n  Ê I c|Ç|pi^(]??Ii: i |5[jf lyOST7rONSISTXOF.DIG,TSXAHOXMAV%^I^
| | |  I  c | J ^ p ^ Y ( 5 ^ T f % S | i ï i % P f K ! ; § " “ 0HARACTER.%THEXSIGU,%ÎFXPRESENr,XMUSS
4^6 I  WRITE*"*"*'  ^ charact er , :i6V7i..F:FAULT?:THE%SIGN:aSXP0SITIVE,S
^ l é  I 5 4  B % Ü F ' , 8 6 6 D A Mi' v a l i d a t e  REP LY
459 % CALL 8100
ÆT II!': .
4S CAL^COPY^S!*r('^ f^^?"^'^l""S^'TE"%T°*ACCUNULATE%A%TOTAL%FORXTHISi
40$ % WRtTEr ' ^ - ' ' * ' 1^ ' '
468 L  VALIDATE USERS REPLY
k Si '* ■
tf f; a L p i ? ^ i S i v ] ; î i r > ’4r^ A IF L^YI.IN,* N',GüTû_71
Q
4 O E P O S l n  D I S P L A C E ! I E H T % H U S T % 8 E % I N % T H Ê X R A H G E % 1 % T Q % 9 $  ' , O
,^?E&^REQUGSL;%HlT%AL:u^LU#
4 p  % D O % Y O U % w i S H % T O X E N T E R % A U % I H I T I A L % V A L U E % F O R % f S 0 9 ? S  #
432 % !^;|^^^^ "^BY%OLfAULT%THE:ITEUXWILL%IMITIALLY%CONTAIN%ZERO.S|I| | 4 9  f|jq§ûT VALIDATE reply




66 % . .' .bOTcr. PK3NT.M%SSA&S '0$##aGU%
^  U  L l«Plij!
m  70 %• , U i O T t j .  RKAD, .  .U Ill  . U A t î D A T g ^  R C S P O H S E
n  % SQUASHII i Ui(;iîR(§W:??T)
3. 75 % IF i n , V1 , l N . ' 0 5  I , GOTO 12
;  lu
a  78 7. I F  ^LVI.EQ. 'O' .QOTO I 3ÿ O  f /  » I r- .  j"* ♦ » o  .T r* . ,  I i r* r. f* A
i? I
a  fa) 82 Tff.v.2,::cNOT-&V-’'ffESUS:STi.U3KR?;;KH3SASS
3. 1  S i  3  b E P O l l T O P C E A S E S T Y P L S Y O U F . S t l n S S A G E . K C H A R A C T E R X I N S E X C E S S S O F K Z O X W l L L S  
Î  C A ^ ! ^ C O P Y < 5 7 , / . E E % I G I i O R g & }
f
#
3 6  % G A L L  9 0 0 0
> H  ?  W g i T E  # S 0 5
8 9  !2 N O T E .  R O U T I N E  T o  PRINT D I A L O G U E  F R O l i  D Î A L 6 F I L E
•3, 90 S 2 0 0 0  S E L e C T . P I A U
U  | | p f|lT04sSl's^"^
Y 9 4  K a L L l N E = ^ L L I N E + 1
^ 5  I  I F  { < ! . L I ) ) G ,  L E , ! / L L A S T , G 0 T 0  2 0 o 1
S  I 2 I L  P R I N T  I N V A L I D  R E S P O N S E  M E S S A G E
,3 9 8  S 2 1 0 0  D E P u S i T O  I N V A L I O S R E S P O K S E . Î
l y O  f ,  R e I i Î r n
101 V. N O T E ,  r o u t i n e  T O  R E A P  A R E S P O N S E  A N D  D E T E C T  A P L E A  F O R  H E L P
.3 , 1 0 2  % 9 0 0 0  D E P O S I T O  . $
103 % WRITE
1 i l ê E F S , R < , Y L v 1 - 1 , 5 )
3  1 0 6  % I F  j # L V i  . E Q ,  i S H E L P ' - G O T O  9 0 0 1
1 Û 7  % F X Î T
1 0 8  % 9 0 0 1  M ' A Î H . F I L E - G U a Ç 1 3 2 - D A T A  
1 ü 9  C C I I a I N O i H E L p I
11Q £ H H L P Q1Q 3
1 1 1  % G O T O  9 9 9 9  ^
^  113 SI CON-,lN||fe - J
.3 1 1 4  C C h A i N 0 , S T A G E 7 1  A
; ;  i g K î s : # " '  ^
] 1 7  % E N D  r  %
I I 0 * * * * * * * *
:  1 1 9  I N R U T r  : ^
1 2 4  C O N D I T I O N S  MAY B E  S i M p L E  OR  C O M P O U N D .  A C O M P O U N D  C O N D I T I O N  I S  MADE  U P  O F
1 2 8  E A C H  S I M P L E  C O N D I T I O N  C O N S I S T S  O F  T H R E E  P A R T S ;
4>, ] p  | | | . j . E p | | ^ * | | | R A N ^ ' * I S ^ T H i ^ J A U E ' ' o p ’^ T H E ' ^ D O I i A I t l  T O  W H I C H  T H E  I T E M S  T O  B E
1 3 2  T H E  S E C O N D  O P E R A N D  S : > E G i r i r S  ' ,,'ITH WH A T  T H E  F I R S T  O P E R A N D  M U S T  B E
r- ■ ■'






£ r e l a t i o n s
C E  K E Y  IS
1 GWAC132-PAT1
I iHSr
5  S T A G E  6  -  D A T A B A S E  I N C O N S I S T E N C E S  
9  A L L  R E L A T I O N S ,  W H I C H  O N E  O F  T H F  F O L L O W I N G  A C T I O N S  DO Y O U  W I S H  T H E  S Y S T E M
r  IK&i u k m m m p m p i m ^ v m r m  ?Pcii§iNi''M w ' ^ v A i
A S S U M P T I O N  T H A T  A L L  N U M E R I C  M O N - K E Y  I T E M S  C O N T A I N  Z E R O S  AN D  A L L
3
2 5 . DIAL6 AND STAGES SUBFILES
PLEASE T V p i ~ ï 7 i ” ÔR' 3. THE DE FAULT REPLY IS 1.
1 8  T H E  S Y S T E M  W I L L  P R I N T  T H E  R E L A T I O N  N A ME  A N D  T H E  V A L U E  O F  T H E  U N M A T C H E D
1 9  K E Y  T O G E T H E R  W I T H  T H E  M E S S A G E  " M I S - M A T C H ' ' .  A L T E R N A T I V E L Y  Y O U  MAY S P E C I F YI? ^vstf.m
22 * * * * * * * *
S^AGEo;
a S f c î ^ i / l T A B A S E  I N C O N S I S T E N C I E S  -  C H E C K  P O I N T  6
2 7  ! i  , . : : . ; . - . , : N 0 . 7 E ' .  - C H E C K  . p O ' I N T . - . ^ l u .
28 % WGGKPTsb . „











5 8  %
III .
62 %11
- N O T B r  P R  I N T  '  I f ' T R O n u c T O R  V.  ^ ^ A t O m ; B & F 0 R ^ l S : T A G E 6
ihum^
C A L L  2 0 0 0
rALlç9UO0
! % ! " # G g T C , G T . 1 , G 0 T 0  3  
C A L L F S T R ( # G 0 P T , 1 , 1 )
C A l L C 0 p Y ( 5 7 ? C H % g 0 N D l î l d N Ü Ï S )  
W R I T E
% T O % P R I N T % A % M E S S A G E % W H E N % A % M I S - M A T $
D E P O S I T O  D P T E C T E D ? % P L E A 5 E % T Y P E % Y % F O R % Y E S % O R % N % F O R % N O , % T H E % D E F A U L T S  
GALLC0PY(57,%REPLY%IS%NU.)Vm^ I r fc
AMD v a l i d a t e  R E S P O N S E«K:,;
f f ^ G S T C . G T . I . G O T O  8 
CALLF ST R(#GM0p ,1  ,1) _
NOTE! TEST OPTION 







l i a  I  lËtüsHiRST C h a r a c t e r  hvpmeh o r  z a
8 8 3  7 . 8 0 4  D E p ü S ï T O  z : i O R 7 . H Y P H £ N 7 , N O T % A L l . f ) W E t > 7 , A S % F I R S T X C H A R A C T E R S  V
ill I 1h6%i .
887 % NOTE; LAST CH A R A C T E R  HYP HEN ^
8 8 8  % Z 0 5  D E P O S l T Ü  H Y p M 5 N % N 0 T % A L L ü W E D x A S % L A S T % C H A R A C T K % $
19 X WRITE
0 % #L NERR = 1 .
G O T O
%207 ^LALpH + 1 
894 % GOTO 206
gPTfÂZAOP'T %0'ÂLPHABETlC CoUHT
LALP H Si
939 * * * ** * **  ^
940 FINISH
- **** END OF STREA M SW AC 13 2 953
e .
N O T E ;  R O U T I N E  T O  S E A R C H  D O M a l N I N D E X  F O R  T H E  D O M A I N  N A ME  C O N T A I N E D
^ l i M A f i ' C O U N T  K # G D M C T
8 9 8  % N O T p :  f i L Î N n  »  I N D I C A T O R  0  =  p O U M p  1 = N 0 T  p r t U N f i  m
O ip r” iKiB:»— «
9üZ X  » L H I G H = # G D M c T  A
lii i i4ïSptiBfS§"“’“-■> 906 7. FREA» #LCuR,#SOl
9 0 7  % N O T E !  e x t r a c t  D O H A  I I I  MAI  E >
9 u 9  i  f P ' P s o 2 ? a + ; J i é ô ' ; , G O T o  a O " ?
»  91(1 % I P  î ? S 0 2 , l T , f # S 0 9 , G 0 T O  IÎ003 #lîl |»8?
:> 914 7.8002 3LH:GH=#LCUR-1 . #
%a003 ^ L Ï o w i l j ’ a U R l ^ l  
917 7. G O T O  8005,r> 918 % ■ NOTE: P R I N T  IHV.UID RESPONSE ÎIESSAqE %
919 gZlOO DEPOSITO îNVAi.ID7.R£SP0N3E.$ ' . ,
M l  g  l i t p N
923 % 2 Z O O  O E P ü S I T o ' ' p l E A s M T Y P E % Y % F O M Y E S % O R % N % F O R 7 N O . % T H E % D E F A U L T % R E P L Y % I S % $O Pi I mil™'”''"'"'’ ■
" *  927 % n 8 t e :  r o u t i n e  T O  R E A D  A R E S P O N S E  A N D  D E T E C T  A P L E A  F O R  H E L P  ^
l i t  f O O O  g | J O | I T 0  , S
a  930 % R E A D  ^  a
9 ^ 1  i  I F * ' i ^ l v î ^ E Q ! r V % f ( E L P ' / G O T O  9 0 0 1
933 % E X I T
O ' ; ?  I 9 9 9 9  C O R t ’ I ^ U E  


















^LiDATE NAME START,NO ;N 1ST POS,T,ON OF iNPUT BUFFER 
NOTE;_#LNERR 9 ERROR INDICATOR  ^ 2NITIALL CLEARED " " "
^ u f C g ^ ^ g g ^ O R A R l L Y  SAVE CONTENTS OF INPUT BUpFER 
SQUASH*
WRITE #S02
âfiTffVif iEgR‘* | Î R é f ” éHAiIcTER FOR HYPHEN OR 2
TO ZERO
Ml
c â l ï Fs ï ü ï SLv I ; i 7 i )
I F L V 1 . I H , ' - 2 ' , C O T ü  2O4 NOTE: CuECK last L'hARACTkR FOR nYPuEN
R(
I F  Ü L V 1  . E O . , ' " '  , g 0 T 0  2 0 3
 . . . . . . . . . . . . .  U p , - L O O P  T O  C H E C K  p O R  A L P H A B E T I C ,  N U M E R I C  A N D  H Y P H E N  O N L Y
8 j 2  %209
P ?  %
835 K2 IO
ii? I
m  F "
840 % .....
8 4 3  % NOTE: Z E R o I s E  C q U m T  o F  A L p H A  C H A R A C T E R S  
# L A L P H a O
N O T E ;  T E S T  N U M E R I C
ïHKîiillîSsliEo'lL
844 /•
84 !  i z i 3  





NOTE: ItiVAilD CHARACTER FOUnD
DEPOSITO 2 C V l % l N Y A L I P % C H A R A d T E R . % O N L Y X A % T 0 % Z , % 0 % T O % 9 % A N D % . % A L L O W E $  
gg^^gOpY(54 ,D)
N O T E ;  S E T  E R R O R  I N D I C A T O R  ON 
#INERR=1i§2 I2O6 : Ô | ; p = ; P D | ; = , P O I N T E R  A N D  T E S T  F U R  E N D  O F  L O O P  
8 6 3  % i r p G I y e . G T . f l G S T C f G o T o  2 1 4










NOTE: NO ALpHA CHA R A C T E R  PRESENT
DEPOSITO A T % L E A S T % 0 N E % A L P H A 8 E T I C % C H A R A C T E R % H U S T % B E % I N C L U D E D $
BEAI^RPi
EXIT
 ....... NOTE: NAME TOO LONG
87^ |202 gi|^|îTü llORE%THAli%;aLENG%CHARACTERS7.IN%NAHE$
a?5 % #LNERR=1
876 % g o t o  209 „ „
i ) ? ? ë s i f è ^ y H N K s i N Ô H A ' ^ ! 8 u E D S S
WRITE 
880.  %. . 4.LNE.R.R = l









2ü1 % ^ WRITE '
br Zü3 % CALL 7000
a
Zia ..'. NüTS; GnNCKàTa ACTioa à7^TFnSN?%
*  ¥ï ï GOlO 3 G" Z-pARA-4. so TU 2-PARA-5.
M i  l ! N ^ !  CONDITIONAL PROCESSING #
209 %7000 CONTINUE
3»  ^ 1 0  _  _ T
l a  % g%[g0&I^(gÿ%ggy^^^%M%TO%SPEClFY%A%COMPOUND%CONDITlON%FOR%THE%A9OV$
'i i UDÏ YP p-f-».# a. f ;2 ) 3  % WRITE
^  l i t  1 / 0 0 1  VALIDATE REPLY
217 % SQUASH
- ”  ' miüfeifmjsini,,
/-A ,= 4 1 y- IF f)Lvl .êo.'Y' ,G OTO 7004kJ ??? à Ü S I f i m U Ï A Ù O  Rfc-SPOtlSE
:o % î
i i s  ^7003 OEPüâîTO*^pclÀSE|TÇ^Eî:ÇoljRlslMPLE%CO|iDlTlON,S
® l i t  I B H l g g l P  CÛUDiTîOH @
22^ % EXIT
*  i l l  | | | u | îT a ' ^ ï i ^ y A L ! D ^ ' c o i i O i n o f i  for reason -shown above?. a
237 % GOTO 7003
® Ü 9  1 / 0 0 4  B2588bSV%;g%9? CONOITîOfl m PRINT DIALOGUE
2 4 ?  & f O Ï 2  D ë P Ü S l T O  P L E A S E % T Y P E % Y O U R % # L W O R D % S I M P L E % C O N D I T I O N . $
24)  A WRITE.
®  i l l  1 / 0 0 6  B g i E ' o R G g O  V A L I D A T E  CONDITION
2 4 4  % C A L L  7 f ( 1 0  J
245 % IF #LERR.EQ.1,GOTO 7006
24É é  CHECK f o r  ngpg coi iOiTiOHS t o  come
, I  dA9Ê||üfe|fif^MÛRE2Hl.AUSESKOF%YoURXCOî.|PüUNO%CONOlT!ON%TOXS
#  ' 350 % U Rî f E „ . . . -  ' g
2 »  w . u  « I L - ,  :r " "
#  354 g SQUASH
261 % ^ 5 0TE; CHAN QE ; " F % R S T ^  TO "NEXT^^
2 6 5  e A f | l o ; ! ( l # ! i D l l %l K " l l ^ ! ) " " " " " : CH %P R E C E D E S %Y O U R %N E X T %C ü N D ! Tl ON %" A $  ^
#  266 g UHÎTS
i ? s  il pePi'ëèï$c?tS*}fpiTY^,gA?,-ORX''AfJD"X0R;;0XFOR''!''OP".;anr;XDEFAULTXREPLY$ ?)
D%
%
"CÜ'MPÀRE'D, T f  I ATT^^flTcqrAirg^lTF A m T p l j F Â ï T T n ' ' ^ ^
OP ER AT OR S P E CI FICS MOW THE CO MP ARISO N BETWEEN THE FIRST AND SECOND








IH I EGR 6A  PART OF THE OPERA TO R  




I  i s i e S W i n i s ^ j i T S ’ Tiii
51 .NOT GT, NOT G R E AT ER THAN
55 PAR T-NAME .EQ. "NAlLS"
5 6 * * * * * * * *
57 INPUT , ,
|§ S T A ÜE70W
«  « •  « « » < * «
0 3  ^  . - - 0 8 ? c : - ô E N c R A ? E . r I R & T - S T A ? E M F % T 3 ^ D f  , S E C C O N D  M ' C R O  
64 81BDEF SELCONDg g I — If g i f  fu
63 % C A l L C U p Y ( 5 7 , R 0 r X T H E % D 0 M A l N S )
6 9  %. W R I T S
7^ I f^PU SlTO : N % Y U U R % R E L A T I O N ( S ) ? S
7? % CALL 77C0
8 1 ' 1151;?*'“° * “
76 % IF iiGSTC.GT.I.GOTO ?.
77 % C A L L F S T R C w L V I ,1,1)
I ;; mhmwr^v^,^
8 0  % N O T E ;  I N V A L I D  R E S P O N S E
81 : k OBEY 2100,1 ,
SfAGE
0RLY%CERTA1H7.IÎEHS%F0R7.R£TRÎEVAL%F$
XriUiUTC FOR "El I UN0*#AS4tG.7.«AND»7SAVE
CONTINUE
L E C T I O N  D i A L O f . U E
''LLIN # r S01
/tt
fSïNOTEî PR ! NT 
SELEC'f DIAL?
0 EPOS I  T O
ÿ^ElNEc^LLINE+l  












% 7 1 0 4
r i 0 5
w T ^ n T — '
I f  ' H O T ' . a t . ( . a o p , g o t o  7104
Gf)TO 7105  
RESET #S01
IF # G Ü U P . Ü E . 2 , G O T O  7140
| 7 1 4 0
360 %710ô









M  I?115hi %7116 




i i l i l i i i i i i f l i
I F  # L 0 P . E Q , ' g E ' , n U T O  7 1 1 6  
ggegS^^g^INvALlDdoPERATOR
D E P 0 S I T 8 * G R E A T E R % T M A N S
G O T O  7 1 1 8
D E P 0 S I T 8  E Q H A L % T 0 5  
G O T O  7 1 1 8
G O T O  7 1 1 8  
R E S E T  # S 0 3
i f ’* ' ' N O T *  A T  U S O a , G O T O  7 1 1 5  
D E P O S l T B ' f i O T Î i G R E A T E R Î Î T H A N S
I F  ' N O T ' . A T . P S O a . G O T O  7 1 1 7  
D E P O S I T S  N O T % L E S S " T H A N S
G O T O  7 1 0 8 _ _ _  _ _ _  _
N O T E ;  S A V E  L E N G T H  O p  2 N D  O P E R A N D
? i
% 7 l l 9
g ■





p O R  A L P H A N U M E R I C  L I T E R A L  
R E S E T  # S 0 1  .
I K X , .  „  .
N Ç ^ E I ^ y É S T ' F O R ' V A L ^ D g L Î T E R A L  '
J i p o s i f ô  i N i U û p I k A l b % I S X A t ( % Î H V A i , ! D % A i  p HANUhERICXl ITERAi, .  
G O T O  7 1 9 8
N O T E ;  C H E C K  F O R  C L O S I N G  Q U O T E  
C % L L F S % R t # L V l , 0 , 1 )  ,
: | ^ ^ g L y | . | q ; ' r ' r G O T o  7 1 8 0  ; y  ; ^
N O T E ;  T E S T  p O R  N U M E R I C  L I T E R A L












Zü 270 % NOvE: READ AND VALIDATE CONJUNCTION . (g
273 % IF #GSTC,GT.1,GOTO 7003
Ê I  ifSpgirngfe?;? .
^  I L  J i ; f
* Li, iiPiS'"""'"""’" ' y
ORW % D E p B l T O * Y O U % H A v È % S t U c f i ¥ X ? H E ¥ ' O R " i c O N J U N C T I O N . X B E F O R E 7 . Y O U X E N T 6 R $  d
%)
©
n  S89 gguc0PY(5 7 ,%nEuxsniPi.
:V_y ?on % nPC
W i ? 5  % GOTO^OIZ
DEPOSITO COfjDlTîONS;;Pl.EASEX(;ONSlDER%ÎFKANY%OFXTHOSE%PREVIOuSLY7.eN$
CALlÇOPY(57,TEP.ED7.SïIl,L)
DikSiîTO A P p IY% a ND%IFXS0::RE-ENT|-;R%THEX0ME%AT7.A%TI!IE.$
V? 1/016 DElisiloV'lkÔAl,ÎDl<cét!P!¥înH%FOR7.P.EASONXSHOlJN''ABOVE.$ 
98  % WRITE ^
îfî I i s l i  SîS5“l.?8»''fKSê:;i,ê   .
^  10^ s'*""*' N o I e ?” e XTRACT 1 s t  OPERAN DI ïP‘NF[l!êq.i,Goto 7101I : g ; : i j r F 5 ' ^ ü s i 3 : : B : ^ k i ; ! 0 P E R A T O R x , i i s s i N q $M yem.i ;
P h 'i i ; f e ,9 r :ill I r D E P o Â l ? O ^ F 0 L L % S T O P % A F f E k % O P E R A T ü R % H l S S l H G % O R % O P E R A T O R % l N V A l l D . *  
! 1 7  % W R I T E  '
GOTO 7198
# G0 U Ps f 2" # ü I NP 
^  lFj^%INP,GE,72,Q0T0 7136
N o I e i *  ' i ' A t l D A T E  f i r s t  O P E R A N D  
R E S E T  i t S O O
N O T Ë Î ' c u E C K ^ B o M A l N l N D E X  p O R  P R E S E N C E  O p  p l R S T  O P E R A N D  







D E P U S ! t o ^ ^ S O § % I S % N O T % A % D O N A l N X i H % Y O U R % D A T A B A S E . $  
g P U â 11 y 2 H DI (9p H R A T H RIH i i SI. N Q S
W i g gE|;66IlB^"AlHIMDEX
#  475 % # L H ! G H = # G D M C T
. .  -      *  ^  ^  -
#
%»
476 %Ü005 IF Ü L L 0 W . G T . # L H I G M , Ü 0 T 0  ROOl 
Vrl I
479 % FREa O #LGUR,#SG1
430 g NOTE: EXTRACT DOMAIU flAUE
4 I ?  S Ï F , § S 0 2 ? G T ' ; i è É Ç , G O T Q  BOO?
^ TYPE
»<50 /■• n Ui lTSÎ RcSLÎ t . O,  , )
4 8 7  % # G I N P = # G ! N P + » ! C C C T * 1
11 iittili-isii
t S I  B 8 8 t  8 ( 1 : » ,  '
O  9^^  iauos |gIgni3uCUR-1
4 9 5  % G O T O  8 0 0 5
496 ga003 |(*i^SW=,^|.CUR4.1
'  ' '  N O Î e :  l î c S i J T i H E  T o  R E A D  A R E S P O N S E  A N D  D E T E C T  A P L E A  F O R  H E L P
^  4 9 9  S 9OOO D E P O S I T O  ; S
_ 0 n  g  W R I T E
Su2 i ? I t E v S T R ( # L V l ,1,5)
5 0 |  % I F  # L V 1 . E Q , ' % H E L P ' , G 0 T 0  9 0 0 1
Is?
507 [HELPaln]
Is: 1 1 5 ! ” ! " ' * * “*'
#  S'il îîiPUT .
5 , ;  n i A ,   ^ 2 7 .  D IA LS AND STAGES SU B FIL E S
5 1 :  3TAUC 8  *  REPORT LAYOUT I N T R O DUCT I O N I» m  Slim8i8"?8i'Tl®vfê”6«“«J"irtpilîîr»î88SSI,'8F'ÏSS'îSI§!c}|»s











7 t h e  d e f a u l t  REPLY I"
RE; gR- oNi Y^ 9o "I Ng k ^F P # H^ '8 # ' 4 ; E8 l  #
5 2 0  A N D  L E A V E  T H E  S Y S T E M  T O  A R R A N G E  T H E  E X A C T  F O R M A T  O F  T H E  L I N E ( S ) ?
5 2 5  T H E  S Y S T E M  W I L L  A R R A N G E  T H E  I T E M S  F O R  O U T P U T  I N  T H E  R E Q U I R E D  O R D E R  
5 2 9  DO Y O U  W I S H  T O  S P E C I F Y  T H E  F O R M A T  O F  Y O U R  R E P O R T ?  P L E A S E  T Y P E  V F O R  Y E S
4#
a  5 3 4  A t i m e ,  Y O U  A R E  T H E N  R E Q U I R E D  T O  S E L E C T  A O N E  C H A R A C T E R  L A B E L  F R O M T H E  aIS f & a n s i  IH «KSI ÎSIiHî"' . •
_  5 3 8  Y O U  W I L L ' h a v e  N O T I C E D  T H A T  N O t " a L L  A L P H A B E T I C  C H A R A C T E R S  A R E  A V A I L A B L E  ^
     ♦
4 ü 7  % î  F i ' H V I  . HE . '  . '  , , - ,OTO 7 1  2 o
4 ü 8  y - . . .  N O T E :  C L E A R  P O !  T I N D I C A T O R
!ï| P ' "  I K ' M k  
! 1 / 1 »  S ! î ! J t ?Ç'
'■"  ? 7 , z :  W ' K L S Ï E i ï A S B W ' r , ! »
% #G ZN P=2
7 1 2 7  ë S I t F s | ^ I § t § I J ^ Ï Ï
NOTE: t e s t  pOR DIGIT
7123
7 E d L V l ' N F . ; . ; . ^ A T n  7 1 9 1
O
O
423 % IF Ü L I . N E , ' , * , ü A T O  712" ()
« r d  428 s «LPCPT31 ;
'4' W  427 % IF ¥ G I N P . G E . iHL4,GOTO 7130 0
■ — ■■ GOTO 7131
',7U8 S ? ' S s . 5 8 E 8 I , , 5 £ E T g 8 , 8 ' 7 H I " ' “
*' - 43I %f l3 l 2 GINPP#GINP+1 '
432 % GOTO 7127
4^% %7130 B B p 8 s i i M V ë h 5 % 0 p E W A R & % I & : Â R % f h v A L I D % N U H E K l C % L I T E R A L  $
435 % GOTO 7198 ' )
436 % .  ^ NOTE: TEST CO MPA T I B I L I T Y  Of OPERAND TYPES
^f1 34  O P E R A N D S % H U S T % L E % O F % T H E % S A M E % T Y P E , % E I T H E R % B O T H $
439 % DEP OS IT O N U H E R I C % 0 R % B 0 T H % A L P H A N U H E R I C . $  )
440 % WRITE.
% 2ND OP ERA ND  FOR A VALID DOMAIN NAME ' ^
443 %7129 WRITë #S09 _ r J
447 % I F  # L I N D . H E , p , G ü T O  7 1 3 3  J
448 % D E P O S i T L  2 N 6 X O P E R A N D % Î S : ; A N X i N V A L I B % D O M A ! N % N A M E . S
, ,  4 3 0  % iÔiË; liST C O M P A T I B I L I T Y  O F  O P E R A N D  T Y P E S  . ■
^  4 5 1  % I F  r f L T Y P I  , N ë . # L T V P E , G ü T O  7 1 3 3  , , 0
W '  4 % 2  % .  _  n o t e : q u a l i f y  N A M E  O F  g l . n  O P E R A N D
/  L* * y  . AJ ^  c *  r\ if* /^'.L ÿ / r - i  *» * * C*/ V» « m  $ #s» **
,34 S T A T E h E N T
4 5 5  % 7 1 8 0  L A B E L O F F  U
458 % #SQ3 ÎN Z4TUPLE 4‘SOS. h l  é . L A B E L ê f V ' V  '
4 5 9  % 7 1 9 9  E X I T  J
i n  |/1.. pîlîiÇS'Svffi'SM^îSfigüî'i'
15 4 ^ 2  m W R I T E  y-
^  4 6 3  % RETURN J
4 6 4  % NOTE: PRINT PLEASE v Y P P  MESSAGE
gZdOO g g g ü S ^ g g ^ g ^ ^ ^ § E S T Y P È % Y % F O R % Y E S % û R % N % F O R % N O , % T H E % D E F A U L T % R E P L Y % I S % $
4 6 7  % WRITE d)
4 6 8  % EXIT
tfo l m i !
471 % NOTE: #LIND = INDICATOR OcpOUND IsNOT pOUND J
4 7 Z . X 8 0 0 0  9 L I N D = 0
' E T T x T - 44: '1,':.,-^
##
679  % Ni'yE : uPPAt E  l ' n i 'Aü i l NPEX POINtEP
Z .) ft W l A f D T  -  , f I n T m T . 1® IE i
6gS g ÎF g G S T C . G E . 1 iGüTO 14
^8f4 É B ê p O S n o  ALL%AyAHABLE%i.AneLXCHARAC.fERS%u3ErftXN0%H0RHXDOHAINS%CAN$
1 I
686 % WHITE'-> 687 % DEP OSI TO APpEARXiNliyOURXREPORT.S
688 % WRITE ,(® if?) I;v '.iSri? if‘p-rv UMIISFD cars;.- re.-'ords 
d  ^  6 9 1  X2Ü SELECT L A B s LTAP-l E
I I I  r  c i t r . f i i E t â Q ü A s - û , i )
mlyj 699 % CALLSUAP<f#304,;)LVl , )
7 0 0  X S Q U A S H 4   ^ ^
(5) ?y2 I /jTij,lpitifei’iêl^A'iUl6o. I N S T R UCTIO NA L -TgXT?K m
%%% N o t b : ' C H A I N .  T V  N F " T  S T % , 5
n  7 i o  % G O T O  9 9 # 9 ^ ^
( J  7 1 1  % N O T E "  P R I N T  I N V A L I D  R E S P O N S E  M E S S A G E
7 1 7  % 2 1 0 0  D E P O S l T O  I N V A L I D % R E S P 0 N S E , $
?14 ^
7 1 5  % N O v E ;  R O U T I N E  y O  P R I N T  S E L E C T E D  D I A L O G U E
, j
719 % WR\,^
?|? V fk |LEïfik‘’^ p M l s T O p , 0 O T O  5001
\ J  ? P 2 % EXIT • »
723 % NOTE' ROUTINE TO READ A RESPON SE AND DETECT A- PLEA FOR HELP
Y4 r ™ '  -
726 % READ
M B  GOTO 9001
89999  CONTlfiUE
. _ _ _ 7 3 5  p * * * * * * *

























®  i t ,  ^ , 4
Ilf I
t i l l
654 %
658 % 





®  Ô7S 
^  675 % 
4M.
' ! T  MGTS-, . NK.I'/GV.Ti' ',.•
CAI.LPsTR(#GfiXUl,'i , .?)
GOT O o
N O T E :  I N V A L I D  R E S P O N S E  
O B E Y  2 1 0 0 , 9
r U J T E -  S E T  D E F A U L T  S I Z E  
n S V l ; *5h ? g.R ..,5!j !<1iA-T. ' u P T I û U
N O T E ;  R E A D  a N P  V A L I D A T E  R E P I . Y  




u s m m h ^ i
GOTO 10
E T K A V A I L A D L E . % P L E A S E % D E S I G N % Y 0 U R % 0 W N $
upY(s7,%u^TPur%F"KnaTs;
W R I T F
NOTE r-' PRINT- DIAm m m
CALL 50(H)N0TEf:lN3TlALt&B%D0NA;'' j&eX-P&ïNTER A%D CONTROL SllINQS




■ ?; O T B  ! . Ü 13 p L Y ... N a m e s  :,i n i.p pmatî' j n d e  x. a n d r, u î l  d up las e t  * t  a b l e
SELECT. DOI-iAlNINpEX
flBle? H v T R ^ ^ t ^ ^ A M E  a n d  T v P E  
VSTr2 i?801 , 1, ,
#GINPa#GlNP+^GCCT*1
AND READ LABEL CHARACTER ASSIGNED BY USER
DEPOSIT O 2S02S
m v o o o o
n o t e , v a l i d a t e  l a b e l









NOtS: SELECT.LAHELTARIS aWD^ WRIlS RECORD 
SELECT LABELTABLE A
l ï \  t 9 p e ‘' t ’ n I “ 8 , M W C T E R  y o u  h a v e  D E C I D E D
T O  U S E  A S  I T S  L A B E L .  T H E  D E F A U L T  R E P L Y , '  H A D E  BY P R E S S I N G  T H E  A C C E P T  K E Y  U
..............
O  5 4 7  I N  T H E  D E S I R E D  P O S I T I O N S  O F  T H E  L I N E .  O L A N K  C H A R A C T E R S  B E F O R E  A N D  U
5 4 8  B E T W E E N  I T E M S  S H O U L D  B E  I N D I C A T E D  BY T Y P I N G  T H E  #  C H A R A C T E R ,  B U T  B L A N K
5 5 ?  T H E S E  T WO I T ^ H S  I N  P R I N T  P O S I T I O N S  1 0 ~ 1 6  A N D  2 0 - 2 5  R E S P E C T I V E L Y ,
T H E N  T H E  R E Q U l R E n  F O R M A T  I S  I N D I C A T E D  BY T H E  F O L L O W I N G  L I N E ;
?si «ÈS'}?'Ejî 3iis«E?K''srK.'??È'cîïf?.'"'
5 5 7  P O S I T I O N S  A N D  P A D D E D  O U T  W I T H  BLANKS. I F  T O O  F E W P R I N T  P O S I T I O N S  A R E
5 5 8  A L L O C A T E D  T O  A D A T A  I T E M  T H E N  C H A R A C T E R S  A T  T H E  R I G H T H A N D  E N D  W I L L  B E
5 § E  E D I T I N C  F C A T U R C  T O  B E  D E S C R I B E D  S H O R T L Y  I S  I N  U S E ,  T H E  ^
D E C I M A L  P O I N T  I N  T H E  O U T P U T  F O R M A T  O F  A N U M E R I C  I T E M  I S  A S S U M E D  T O  B E
m siiiâîvm iHaEm m
5 6 6  R E Q U I R E S ,  T H E  U n U s E D  P O S I T I O N S  B E F O R E  T H E  D E C I M A L  P O I N T  W I L L  B E  F I L L E D  
d  5 6 7  W I T H  B L A N K S ,  I F  T | ) 0  F R l I  P R I N T  P O S I T I O N S  A R E  A L L O C A T E D  T H E N  T H E  H I G H  - 7
5 6 8  O R D E R  D I G I T S  A R E  T R U ü b A T E D  T O  M A K E  I T  F I T .569 * ** ** * * *  
t 5 7 0  INPUT
^  5 ^ 2  ^ D E F ^ ^ ^ T A G E Ü  ^
5 7 5  % - N O T E )  p R E N T ^ i % 2 R 0 D U c T 0 % ^ % D 3 & L & G U E  d )III! »
V 5 7 9  % N O T E :  R E A D  a NP  V A L I D A T E  P A G E  W I D T H  O P T I O N  J
5 3 0  %1  C A L L „ 9 0 0 0  '
% Î ?  i i i î C . G T . 1  ( G O T O  2  '  , - s
C A L L F S T R < ^ G u D T H , 1 , 1 )  V
, ........ .....  i M m & i s y  ■ ,
)  58? % Z  OBEY 2 1 0 0 , 1  „  , ■ d
i i i  i s  D E P o i l T O ^ i l D E X P A ^ ê l i F / U l u f I E ' s l N ( f T l Y 6 T x h 1 P L E t l i N T E D . 7 . H A R R 0 W X A S S U H E D $
Y 590 % WRITE ,-j
- y  X: .  S Ç t  X P f i W î O T H s ' H ’
d  5 9 5  7. W R I T E  : ' ' d
DEPOSI TO. THl S%nuST%BE%A%VALUE%I H%THE%RANQE%40 %TO%9 9, %THE%DEFAULT%S  
g | uCÔpY<57,VAUUEXIs î i60)
N O T E :  R E A D  AMP  V A L I D A T E  R E S P O N S E  
C A L L  9 0 0 0
™ fP'^fii'STC.LT.IjGO'rO 5
11 mmm ‘
I »  I ..........




1.  OUTLINE PROCESSING FOR THE COBOLGEN MACRO
2 . INITIALISATION SECTION OF COBOLGEN MACRO
3 .  SKELETON COBOL PROGRAM -  G0PART2 SUBFILE
4 .  * COMMENT PROCESSING
5 . *FILE PROCESSING
6 . *INL PROCESSING
7 . *TITLE PROCESSING
8 . *HEAD PROCESSING
9 .  *OUT PROCESSING
1 0 . *G0 PROCESSING
1 1 . MESSAGES AND CREATE SUBFILES
1 2 . PASSCHANGE SUBFILE
1 3 . LIBRARIAN SUBFILE
1 4 . LIBPRELIM SUBFILE 
1 3 . LIBDELETE SUBFILE
1 6 . LIBADD SUBFILE
1 7 . DIAL1 AND STAGE1 SUBFILES
1 8 . DIAL2 AND STAGE2 SUBFILES
1 9 . DIAL3 AND STAGE3 SUBFILES
2 0 . STA G E 3-1 SUBFILE
2 1 . DIAL4 AND STAGE4 SUBFILES
2 2 . DIAL5 AND STAGE5 SUBFILES
2 3 . STAGE3-1 SUBFILE
2 4 . STAGE3-2 SUBFILE
2 5 . DIAL6 AND STAGES SUBFILES
2 6 . DIAL7 AND STAGE7 SUBFILES
27 . DIAL8 AND STAGES SUBFILES
2 8 . DIALHELP AND HELP SUBFILES
oo
SEPARATE FOLDER OF LISTINGS
N otes:
1 .  The type  f a c e  o f  the  t e l e t y p e  on which i t e ms  1 to  21 end
28 were produced c aus es  £  to appear as  and to  appears  as
2 .  The parameter marker used during the  F i l e t a b to  COBOL
g e n e r a t i o n  s tudy  was /  ( I t ems  1 t o  1 0 ) .  The parameter marker 
used during  the development o f  macros for  the  COBOL r ep o r t  program 
g e n e r a t i n g  system was @ (I t ems  11 to  2 8 ) .
3 .  The development o f  i t e m s  20 to 28 i s  i n c o m p l e t e .
1. OUTLINE PROCESSING FOR THE COBOLGEN MACRO
%MACRO%/ .
%HEGI N
%DEF COB OL GE N C / / )














NOTE:  READ F I R S T  RECORD 
READ
n o t e : i d e n t i f y  RECORD T Y P E .
NOTE:  FOLLOWI NG ARE VALI D -  
NOTE:  ^ J, * F I L E ,  * I N L ,  * T I T L E ,  * HE A D ,  
NOTE:  #LV1 I S  USED TO C O N T A I N  F I R S T  8  
NOTE:  OF I NPUT BUFFER  
NOTE:  L I T E R A L S  ARE THEN MATCHED AGAI NS T  
C A L L F S T R C f L V l , 1 ^ 8 )
I F  • *  • . a t . ^ L V I J  GOTO 2  
I F ' * F l L E ' . A T . f L V l j G O T n  3 
I F  ' * l N L ' . A T . # L V ) j G O T O  A 
I F  ' * T I T L E ' . A T . # L V 1 , G 0 T 0  5 
I F  ' * H E A D ' . A T . # L W 1 , G 0 T 0  6 
I F  ' * O U T ' . A T . P L V ] , GOTO 7 
IF ' * G 0 ' . A T . # L V 1 , G 0 T 0  8 
NOTE:  ERROR C ONDI T I ON -  WRI TE MESSAGE  
CALLCOPY( 1 , C 0 H 0 L GE N %E R R 0 R %C 0 N D I ) 
C A L L C 0 P Y C 2 I , T I 0 N % )
C A L L C 0 P Y ( 2 7 , # L V I )
WR I TE 
GOTO 9 9 9 9
^ 0 1 IT J GO 
CHARACT E RS
#LV 1
AND TERM I NATE RUN
3 9 9 9 9  CONTI NUE  
%END
%W
2 .  INITIALISATION SECTION OF COBOLGEN MACRO
NOTE:  I N I T I A L I S A T I O N
n o t e : GENERATE VARI ABLE CONTAI NI NG QUOTE 
3 R EAD
3 C A L L F S T R ( # G O H O , 1 , 1 )
NOTE:  GENERATE VARI ABLE CONTAI NI NG #
3 # G B A T C = ' # '
^ n o t e : # GV2  = DE F AUL T  VALUE FOR PROGRAM ID
3 P G V 2 = ' T A B C '
y i g i l :  ' M I T I A L I S F ;  MACROS AAQIIT TO BE GENERATED ^  ^h oW 1 = Co
3 # G F I L = ' N 0 T E P A R A '
3 OBEY 10 1 , 1 1
3 11 # G F I L = ' T I T L E S '
3 OBEY 10 1 , 1 2
3 12 # G S 0 3 = 0
3 # G F I L = ' T I T L E P A R '
% OBEY 10 1 , 1 3
q q  3 1 3  # G F | L = ' O T K E R P A R '
3 OBEY 10 1 , 1 4
3 1 4  f G F I L = ' H E A D I N G S '
3 OBEY 10 1 , 1 5
3 1 5  f G F I L = ' l N P U T R E C '
% OBEY 10 1 , 1 6
3 1 6  # G F I L = ' C T R L B R K E '
3 OBEY 10 1 , 1 7
3 1 7  # G F I L = ' SAVETOTL'
3 OBEY 10 1 , 1 8
3 1 8  # G F I L = ' A D D P A R A '
% f G S 1 5 = 0
3 OBEY 10 1 , 2 6
3 2 6  # G F I L = ' W R I T E P A R '
3 OBEY 10 1 , 1 9
3 1 9  # G F l L = ' M O V E P A R A '
% OBEY 10 1 , 2 0
3 2 0  # G F 1 L = ' 0 U T R E C '
3 OBEY 1 0 1 , 2 1
^2 1 # G F I L = ' B R E A K P A R '
^  3 OBEY 10 1 , 2 4
3 2 4  # G F I L = ' P A G E P A R A '
% OBEY 10 1 , 2 2
3 2 2  # G F I L = ' F I N A L P A R '
3 * G S I 2 = 0
3!  OBEY 10 1 , 1
oo
3 .  SKELETON COBOL PROGRAM -  G0PART2 SUBFILE
%MACRO%/ .
3 B E G I N
%F 1 L E , 0 , G 0 P A R T 2 \
%DEE G 0 P A R T 2  
% # L V 1 = ' 0  1 '
[ P A R T I ]
I D E N T I F I C A T I O N  D I V I S I O N .
P R O G R A M - I D .  # G V 2 f L V l .
ENVI RONMENT D I V I S I O N .
S O U R C E - C O MP U T E R .  I C L - 1 9 0 7 .
O B J E C T - C O M P U T E R . I C L - 1 9 0 7  MEMORY S I Z E  1 9 0 0 0  WORDS 
I N P U T - O U T P U T  S E C T I O N .
F I L E - C O N T R O L .
S E L E C T  f S 0 6  A S S I G N  TO # G V 1 1 # G V 12 1 .
S E L E C T  L I N E - P R I N T E R  A S S I G N  TO P R I N T E R  1 .
DATA D I V I S I O N .
F I L E  S E C T I O N .
F D # 5 0 6
BLOCK C O N T A I N S  2 0 4 8  CHARACT E RS  
L ABEL RE CORDS  # S 0 7  
DATA RECORD I S  I N R E C .
0 1 I N R E C .
0 2  I N - R E C .
0 3  F I L L E R  P I C T U R E  X ( 1 2 0 )  OCCURS 1 7 .
0 3 F I L L E R  P I C T U R E  X ( 8 ) .
C I N P U T R E C ]
FD LI  N E - PR I NT E R
LABEL RECORDS  O MI T T E D  
DATA RECORD I S  O U T R E C .
0 1 OUTREC P I C T U R E  X ( 1 2 0 ) .
WOR KI NG- S T OR AGE  S E C T I O N .
7 7  L I N E - C O U N T  P I C T U R E  9 9  VALUE Z E R O .
7 7  P A G E - S W I T C H  P I C T U R E  9 \ / ALUE Z E R O .
0 1 C O N T R O L - B R E A K .
0 2  F I L L E R  P I C T U R E  X.
[ C T R L B R K E l
0 1 C O N T R O L - T O T A L S .
0 2  f i l l e r  P I C T U R E  X.
% R E S E T  # 5 0  1
3 D E P O S I T l  # G O U T \













# G I N P = 1
CALLFSTRC #L\M , 0 , 1 )
I F  # L V l . F Q . ' L ' , G O T O  9 0 1
0 2  # L V I - L E V E L .
CSAVFTOTL]
# G I N P = # G I N P + 1
IF # G 1 N P . L E . # G S T C , G O T O  9 0 2  
[ T I T L E S ]
[ HEAD! MGS I  
COIJTPEC]
PROCEDURE 0 1 VI SI ON.
IF # G S 0  1 . E Q . 0 , G O T O  9 1 2  
[ NOTEPARA]
CONTI NI IE
PARA-  1 .
OPEN I NPUT # S 0 4  
OUTPUT L I N E - P R I N T E R .
MOVE SP ACES  TO O U T R E C . 
WRITE OUTREC BEFORE AOVANC 
P A R A - R E A D .
READ # S 0 A  AT 
P A R A - 4 .
RESET f S 0  1 
D E P O S I T I  # G O U T \
READ # S 0  1
s q u a s h
# G I N P = 1
C A L L F S T R ( # L V 1 , 0 , 1 )
IF # L V 1 . E Q . ' L ' , G O T O  
IF # L V 1 . E Q . ' F " , G O T O  
MOVE f t L \ l \
# G I N P  = * G I N P +  1
IF * G I N P . L E . # G S T C , G 0 T 0  9 0 3  
I F  # G S 1 S . E Q . 0 , G O T O  9 0 S
NG CHANNEL- I  
END GO TO P A R A - 3 .
9 0 4
904
IN INREC TO # L V 1 IN CONTROL-BREAK
o
PERFORM 









P A R A - A D D .
9 0  6
P A R A - T l T L E .  
P A R A - P A G E .
P ARA- MOVE.
PARA-WRI T E .  
P A R A - R E A D .




0 0  TO P A R A - 2 .
P A R A - 3 .
PERFORM PARA- BREAK THRU P A R A - B R E A K - E X I T .
% I F # 0 5 1 2 . E N . 0 , GOTO 9 1 3
PERFORM P A R A - F I N A L .
79  13  CONTINUE '
CLOSE # S 0 6  
L I N F - P R l N T E R .
STOP RUN.
7 I F # G S 1 S . E Q . 0 , G O T O  9 0 7
P A R A - A D O .
CADDPARA]
7 9 0 7  I F # G S 0 3 . E Q . 0 , G O T O  9 0 8  
P A R A - T l T L E .
C T l T L E P A R ]
79 0  8  CONTINUE




P A R A - W R I T E .
CWRITEPAR]
[ BREAKPAR]
7 I F  # G S 1 2 . E Q . 0 , G O T O  9 0 9
P A R A - F I N A L .
[ F I N A L P A R ]
79 0 9  IF ' L ' . I N . # 0 H E D , 0 0 T 0  9 10
P A R A - L I N E - C H E C K . E X I T .
7 GOTO 91 1
79  10  CONTINUE
P A R A - L I N E - C H E C K .  I F L I N E - C O U N T  GREATER THAN #OVZ PERFORM
P A R A - P A G E ,  MOVE 1 TO P A G E - SWITCH,  GO TO PARA- LI N E - EX I T .
MOVE 0 TO P A G E - S W I T C H .
7 9 1 1  CONTINUE
P A R A - L I N E - E X I T .  E X I T .
COTHERPAR]
****
7 9 9 9  CONTINUE  
7END
7 7 %7 7 %7 7
oo
4 .  * COMMENT PROCESSING
% n o t e : p r o c e s s  * COMMENT RECORDS
% NOTE:  PREPARE TO WRITE ON NOTEPARA S U B F I L E
%2 # GFI L = " NOT E P ARA"
% OBEY 1 0 2 , 2 0  1
% NOTE: T E S T  FOR F I R S T  COMMENT
% 2 0 1 I F  # G S 0  1 . N E . 0 , G O T O  2 0 2
% NOTE: WRITE PARAGRAPH STATEMENT ON NOTEPARA S U B F I L E
N O T E - P A R A .  NOTE 
7 NOTE: SET # G S 0  1 TO BE NON- ZERO
% # G S 0 1 = 1
% NOTE: SAVE COMMENT CHARACTERS 3 - 6  I N #GV2 AS PROGRAM ID
% CALLFS TRC# G V 2 , 3 ,  4 )
7 NOTE: EXTRACT F I R S T  6 0  CHARACTERS
7 2 0 2  C A L L F S T R ( # L V 1  ,  1 , 8 )
7 C A L L F S T R ( # L V 2 , 9 , 8 )
7 C A L L F S T R C # L V 3 ,  1 7 ,  8 )
7 C A L L F S T R C # L V 4 , 2  5 , 8 )
7 C A L L F S T R C # L V 5 , 3 3 ,  8 )
% C A L L F S T R C # L V 6 , 4 1 , 8 )
% C A L L F S T R C # L V 7 , 4 9 , 8 )
7 CALLFSTRC # L V 8 ,  5 7 ,  4 )
% NOTE: OUTPUT COMMENT TO NOTEPARA S U B F I L E
# L V 1 # L V 2 # L V 3 # L V 4 # L V 5 # L V 6 # L V 7 # L V 8  
7 NOTE: EXTRACT CHARACTERS 6 1 - 7 2
7 C A L L E S T R ( # L V 1 , 6 1 , 8 )
7 C A L L F S T R ( # L V 2 , 6 9 ,  4 )
# L V 1 # L V 2
/ 1 / / 1 / / 1 / / 1 / / 1 / / 1 / / 1 / / 1 /
% GOTO 1
oQ
% NOTE: ROUTI NE FOR P R O C E S S I N G  * F I L E  D I R E C T I V E S
% n o t e :  # S 0  6 u s e d  FOR F I L E  NAME
% NOTE: # S 0 7 = L A B E L  OPTI ON
% NOTE: RESET # S 0  1 FOR USE AS TEMPORARY S T O R F
%3 RESET # S 0 6
% RESET # 5 0  1
% NOTE: START GENERATING CONSTANTS MACRO
/ ] / F I  L E , 0 , CO N S T A N T S \
/ 1 / D E F  CONSTANTS  
/ ! /  RES ET # GHAT CS 0 6
/ 1 /  RES ET # G H A T C S 0 7
7 NOTE: TEST PE RI P HE RAL  OP T I ON  FOR CARDS OR TAPE
7 C A L L F S T R ( # L V 1 , 7 , 2 )
7 I F # L V I . E Q . ' C R ' , G O T O  3 0  1
7 ! F # L V 1 . E Q .  ' M T ' , GOTO 3 0 2
7 n o t e : ERROR C O N D I T I O N  ENCOUNTERED.  WRITE ERROR MESSAGE
7 CALLCOPYC1 , T A B M F I L E 7 E R R 0 R )
7 WRITE
7 GOTO 3 0 6
7 n o t e :  # G V 11 AND # G V 1 2  USED FOR I NPUT MEDIUM S P E C I F I C A T I O N
7 3 0  1 # G V 1 1 = ' C A R D - R F A •
% # G V 1 2 = ' D E R '
7 NOTE: TES T P O S I T I O N  1 0  FOR PRESENCE OF FI LFNAME
7 C A L L F S T R ( # L V l , 1 0 , l )
7 I F  # L V 1 . E Q . '  ' , G O T O  3 0  3
7 GOTO 3 0 4
NOTE: SET # S 0 6  = DEFAULT F I L E  NAME 
7 n o t e : s e t  # 5 0 7  = LABEL OPTI ON
7 3 0 3  D E P 0 S I T 6  D E F A U L T - NAMEX
/ ! /  D E P 0 S I T 7  OMITTEDX
7 GOTO 3 0 6
7 3 0 2  # G V 1 1 = ' T A P E '
7 # G V 1 2 = • S ’
7 NOTE: EXTRACT AND STORE F I L E  NAME
7 3 0 4  # G I N P = 1 0
7 3 0 7  C A L L F S T R ( # L V 1 , 0 , 1 )
7 I F # L V 1 , E Q .  • ,  • , GOTO 3 0 8
7 D E P O S I T  1 # L V I \
7 D E P 0 S I T 6  # L V 1 \
7 # G I N P = # G  I N P + 1
7 I F  #GI N P . L T . 2 2 , G O T O  3 0 7
7 3 0 8  I F  # G I N P . E O . 1 1 , GOTO 3 0 9  '
7 READ # 5 0  1
7 SQUASH
7 l E  # G S T C . E Q . 0 , G O T O  3 0 9
0 1 0  D E P 0 S I T 7  S T A N D A R D / 1/ V A L U E / 1 / O F / 1 / I D / I / " # S 0 6 " \
7 GOTO 3 0 6
7 3 0  9 CONTINUE
/ l /  D E P 0 S I T 7  S T A N D A R D / 1 / V A L U E / l / O F / I / I D / I / X
/ ! /  D E P 0 S I T 7  • ' /  1 / / I / / 1 / / 1 / / 1 / / 1 / / 1 / / 1 / ••  \
% RESET # S 0 6
7 D E P 0 S I T 6  D E F A U L T - NAMEX
7 3 0  6 CONTINUE
/ 1 /  D E P O S I T S  # S 0  6 X
/ I / / I / / 1 / / 1 / / 1 / / I / / ! / / ! /
7 GOTO 1
oo
6 .  ♦INL PROCESSING
7 NOTE: ROUTI NE FOR PROCE S S I NG * I N L  D I R E C T I V E S
7 NOTE: AND PARAMETERS
% NOTE: SET F I E L D  COUNT t q  0
# GF CT= 0
7 4 0  1 READ
% NOTE:  READ RECORD AND SET # G l N P = 0
% * G l N P = 0
% NOTE:  TES T FOR * RECORD
7 C A L L F S T R C # L V I j  1 ,  1 )
7 I F # L V 1 . E N . ' * ' , GOTO 10
% NOTE: SQUASH 1 NPUT BUFFER AND SA\ /E LENGTH 1 N # L S T C
% SQUASH
7 # L S T C = # G S T C
7  n o t e :  LOCATE AND STORE F I E L D  S P E C I F I E R  IN #GV4
7 4 1 1 # G 1 NP=#GI  N P + 1
7 C A L L F S T R ( # G V 4 , 0 , 1 )
7 NOTE: ADD 1 TO F I E L D  COUNT
7 ■ # GFCT= # GFCT+1
7  ■ NOTE: RESET # S 0 1 AND STORE STRING OF NUMERIC START P O S I T I O N
7 NOTE: c h a r a c t e r s  IN IT
7 RESET # S 0  1
7  n o t e :  I NCREASE # G 1 N P ,  LOOK AT NEXT CHARACTER AND TEST FOR NUMERIC
740 2 # G l N P = # G l N P + l  
7 C A L L F S T R C # L V 1 , 0 , 1 )
7 TESTDI  GT( #L\ /1 )
7 IF # G T S T . N E . 0 , G O T O  4 0  3
7 D E P O S I T I  # L V I \
7 GOTO 4 0 2
7  n o t e :  TRANSFER CONTENTS OF # S 0  1 TO #G\ / S USI NG # S 0 9  AS
7 n o t e :  i n t e r m e d i a t e  STORAGE.  SAVp # G l N P  IN # L I N P
7 4 0 3  RESET # S 0 9  
7 WRITE # S 0 9
7 # L I N P = # G I N P
7 READ # S 0  1
7 SQUASH
7 # GOUP=#GSTC
7 C A L L F S T R ( # G V S , 1 , 0 )
7 READ # S 0 9
7 SQUASH
m-'
K ' r ,
% # G I N P = # L 1 N P
% NOTE: STORE TTPE CHARACTER I N #GU4
% #GV6=#LVI
% NOTE: RESET # S 0  1 AND STORE LENGTH OR END S P E C I F I E R  IN IT
% RESET # S 0 I
% NOTE: I NCREAS E # G I N P ,  LOOK AT NEXT CHARACTER AND T E S T  FOR NUMERIC
o
%40 5 # n | N P  = # G l N P + l  
7 C A L L F S T R ( # L V | , 0 , 1 )
7 T E S T D I G T ( * L V | )
% I F # G T S T . N E . 0 , G O T O  4 0 4
% D E P O S I T !  4 L V 1 \
% NOTE: CHECK FOR END OF BUFFER
% I F # G l N P . G E . # L S T c , G O T Q  4 44
% GOTO 4 0 S
7 NOTE: TRANSFER CONTENTS OF a S B l  To  dSV7 US I NG 4 S 0 9 ,  SAVE # G l N R  IN
o
% NOTE: # LI NP
7 4 0 4  RESET # S 0 9
7 W R I T F  # S 0 9
7 # L l N P = * G l N P
7 SQUASH
7 #snn?=,/  f s^TC
% CALLFSTR(*SW7,) ,4)
% READ # S 0 9
7 SQUASH
7 # 0 | N J = * L I N P
7 NOTE: CONVERT S T ^ P T  P n s | T | n M  F ^ O I  CHARACTERS To B I NARY
7 C A L L C O N V ( f S V S , f G V S )
% NOTE:  CONVERT LENGTH OR END FROM CHARACTERS TO BI NARY
7 C A L L C 0 N V ( ( * G V 7 , * G W 7 )
7 NOTE: I DENTIFY TYPE
% I F # G V 6 . N E . ' - ' , G 0 T 0  4 0 6
7 NOTE:  COMPUTE LENGTH AND STORE IN 4 0 V 7
7 #0V7=#GV7- *GVR+1
7 #GVS=#GUS-|
7 4 0  6 CONTINUE
% NOTE:  GENERATE 0 2  LEVEL STATEMENT
% # G F I L = ' | N P H T R E C '
7 OBEY 1 0 2 , 4 2  1
7 4 2  1 I F  # G F C T . N E . 1 , G 0 T 0  4 2 2
0 2  F I L L E R - 1  R E D E F I N E S  I N - R E C .
7 GOTO 4 2 3
%422 # L V 1 = # G F C T - I
 _ 40.2_jElJJ_FR-#.GFCT___^roEFJ_NES_FJJJ..FB_/tfj ________
*%42 3 I F  * G U 5 . F Q . 0 , G O T O  41  ^9
% NOTE: GENERATE I N I T I A L  F I L L E R  S T A T EMENT( S )
% # L V 1 = 4 0 7

























NOTE: TES T  f i e l d  S P E C I F I E R  FOR TOTALLING F I E L D  
T E S T D ! G T ( ^ G W 4 )
I F  # G T S T . N E . 0 j GOTO 4 0 8
NOTE: WRITE CONTROL ITEM ON SAVETOTL S U B F I L E  
f G F l L = ' S A V E T O T L '
OBEY 1 0 2 , 4 2 3  
CONTINUE
0 3  A*GV4 P I C T U R E  9 ( 1 3 )  COMPUTATIONAL VALUE ZERO
NOTE:  WRITE 0 3 LEVEL STATEMENT ON INPUTREC S U B F I L E  
# G F I L = ' I N P U T R E C '
OBEY 1 0 2 , 4 2 6  
CONTINUE
0 3  A£?g\M P I C T U R E  9 ( * G V 7 ) .
NOTE: WRITE ADD PARAGRAPH STATEMENTS  
* G F I L = ' A D D P A R A '
# G S 1 3 = 1
OBEY 1 0 2 , 4 4 0
CONTINUE
ADD A*GV4 IN INREC TQ A4GV4 IN ^ - L E V E L .
GOTO 4 14
NOTE: TES T r o R  CONTROL BREAK ITEM 
IT 4 G V 4 . I N . ' M N O ^ O R ’ , GOTO 4 ] 0  
GOTO 4 1 3
NOTE: WRITE CONTROL BREAK ITEM ON CTRLBRKE S U B F I L E  
* G F | L = ' C T R L B P K E '
O B E f  1 0 2 , 4 2 7  
CONTINUE
0 2  #GV4 P I C T U R E  K ( * G U 7 ) .
NOTE: WPITF 0 3  LEVEL STATEMENT ON I NPUTRFC S U B F I L E  
# G F I L = ' I N P U T P E C '
OBEY 1 0 2 , 4 2 8  
CONTINUE
0 3  PGV4 P I C T U R E  X ( f G V 7 ) .
/
NOTF;: F I N A L  F I L L F R  s t ATP:/)
414 dLWl=?4AH-4GWS-#GU7 ' '















74  1 S
7
# G F | L = ' I NPNTRFC  
OGEY 1 0 2 , 4 2 9
# L V 3 = 4  1 G
NOTE: GENERATE FILLER STATEIFNT(S)
i i L\ f Z = (A
1 F A L V 1 . L T .  1 2 4 , GOTO 4 3 1  
A LV1= A LV1-120  
AL V2 = AL V2 +1  
GOTO 4 2 4
I F A L V 1 . E Q . 0 , G O T O  4G2
0 3  f i l l e r  PICTURE X ( A L v j ) .
I F  A L V 2 . E Q . 0 , G O T O  4 3 4  
IF A L V 2 . E Q . 1 jGOTO 4 A 4
0 3  f i l l e r  p i c t u r e  X(  1 2 4 )  OCCGRG a ] \ / R  
GOTO 4 3 4  '  ^
CONTINUE
0 3 f i l l e r  P I C T U R E  A ( 1 R 0 ) .
CONTINUE 
GOTO ALV3
NOTE: T E S T  FOR ENO OF | n P u t  r i i f r f r  
I F  A G I N ^ . G F . A L S T C , G O T O  4 4  1 
GOTO 4 1 1
oo
7 .  «TITLE PROCESSING
7 . NOTE: r o u t i n e  FOR P ROCE S S I NG * T I T L E  D I R E C T I V E S  AND PARAMETERS
% NOTE:  SET T l T L E P A R  SWITCH A G S 0 3  =1
7 S  A G SO 3= 1
7 NOTF:  SQUASH INPUT BUFFER AND EXTRACT S K I P  BEFORE AND S K I P  AFTER
% NOTE: COUNTS AFTER S E T T I NG DEFAULT VALUES USI NG * GV4  AND #GVS
7 AGV4=• 1 ’
7 A G V S = ' 3 '
7 SQUASH
7 IF A 0 S T C . E Q . 6 , G 0 T 0  SO 1
7 CALLV/STRC A G \ / 4 , 7  ,  ,  )
7 AG I N P = a GCCT + 7
7 IF A G S T C . L E . A G  I N P , GOTO SOI
7 A G I NP = AGI N P + 1
7 -  CALLVSTRC A G \ / S , 0 ,  ,  )
7  NOTE: SET T I T L E  L I N E  COUNTER AGVA=1
7 5 0 1 A GV A = 1
7  NOTE: REMOVE UNWANTED S P ACE S  FROi^ AG\/4 AND AGVS USI NG A S 0 9
7 RESET A SO9
% D F P 0 S I T 9  AGV4\
7 READ A S 0 9
7 SQUASH
7 AG0UP=AGSTC
7 C A L L F S T R ( A G V 4 , I , 0 )
7 RESET A S 0 9
7  D E P 0 S 1 T 9  AGVS\
7 READ A S 4 9
7 S Q U A S H
7  a G O U P = A G S T C
7 NOTE: READ PARAMETER RECORD AND TES T  FOR * RECORD USI NG #LV1
7 5 0 2  READ
7  C A L L F S T R ( A L V l , 1 , 1 )
7  IE A L V l . E Q . ' * ' j G O T O  S O 3
7 NOTE: GENERATE 0 1 LEVEL E N T R f
7 S 0 A  A G F I L = ' T I T L E S '
7 OBET 1 0 2 , S 10







CHARACTERS FROM INPUT BUFFER
' 0 1 '  T ' l TLE- ACWA.
NOTE: e x t r a c t  F I R S T  S8
CALLFSTRC« L V 1 , 1 , 8 )
C A L L F S T R ( A L W 2 , 9 , S )
C A L L F S T R ( A L V 3 , 1 7 , 8 )
CALLFSTRC a L ' M ^ 2 S , 8 )
CALLFSTRC a L V S , S 3 , 8 )
CALLVSTRCALW6,4 1 , 8 )
C A L L F S T R ( A L V 7 , 4 9 , 8 )
C A L L r s T R ( 4 L V 8 , S 7 , 2 )
NOTE: GENERATE OR LEVEL ENTRY
0 2  F I L L E R  PICTURE X ( S 8 )  VALUE 
" A L V l A L V 2 A L V S a L V 4 A L v S 4 L V 4 * L W 7 A L V 8 " .
NOTE: EXTRACT CHARACTERS S 9 - 7 2
NOTE: FROM INPUT BUFFER 
C A L L F S T R ( * L V 1 , S 9 , 8 )
C A L L r S T R ( A L V 2 , A 7 , A )
NOTE: GENERATE 02  LEVEL FNTRf
0 2  s i l l e r  p i c t u r e  X ( 1 4 )  v a l u e  " A L v l A  L V 2 " . "
NOTE: READ ^ECORO ANO TFST EQR * IN ^ O S | T | Q N  1
READ
C A L L F S T R ( f L V l , l , l )
IF * L V 1 . E 0 . ' * ' , G 0 T 0  S 0 4  
C A L L F S T R ( * L V 1 , 1 , H )
C A L L F S T R ( * L V 2 , 9 , 8 )
CALLFSTPC i r L v s ,  1 7 ,  8 )
C A L L F S T R ( 4 L V 4 , 2 S , 8 )
C A L L F S T R ( * L V S , 3 S , 8 )
C A L L F S T R ( A L V A , 4  1 , 8 )
NOTE: GENERATE 42 LEVEL ENTRf
02  F I L L E R  PICTURE X ( 4 8 )  VALUE 
" ^ L V 1 6 L V 2 ^ L V S ^ L V 4 * L V S ^ L V A ".
UO^F:  PEAO RECORD AND EXTRACT I S ?  CHARACTER | u  ^LUl
READ
C A L L F S T R ( f L V l , I , l )
NOTE: END OF LEVEL ENTRY GENERATION
CONTINUE
AGE 1 L = • T | T L E P A R -  
OBEY 1 0 2 , 5 1 2
NOTE: T ES T FOR F I R S T  LI NE
I F * G V 4 . E 0 ,  1 , GOTO S 0  7
NOTE: GENERATE WRITE STATEMENT FOR T I T L E  L I N E  NOT THE F I R S T  
WRITE OUTREC FROM T | T L E - * G V A  AFTER AOVANCING I .  
A o n  I TO L ! N E - COUNT.
* /
oo
- • ' ; V . . . ■ / * ’ V i \ V t î > I L? MF r CL
7 S 4  8  1 F A L \ / 1 . E Q .  • * • ,  GOTO S 0 3
7 NOTE: MOT A * RECORD -  F I N I S H  TI TLERAR GENERATION
/ 1 / / 1 / / 1 / / I / / 1 / / 1 / / 1 / / 1 /
7 aGVa = ^G\ / A+1
7 GOTO SW4
E , , ,  NOTE: HENERATE P I L L E R  OP SP ACES  TO "IAKE IIP 1 2 a CHARACTER L I NE
-> 0 4 4 Cy O N T I N ' IE
0 2  F I L L E R  p i c t u r e  X ( 4 8 )  \ /ALUE S P A C E S .
7 GOTO SOS
7 NOTE: g e n e r a t e  WRITE STATEMENT FOR F I R S T  T I T L E  L I N E
7 S 0 7  CONTINUE  ^ ^
' ' / r i t e  OUTREC FROM T I T L E - !  AFTER ADVANCING ^GV4 .
ADO #G\ / 4  TO L I N E - C O U N T .
7 GOTO S08
7 NOTE: GENERATE STATEMENTS r o R  SPACI NG AFTER T I T L E
7 S 0  3 IE A G V S . E Q .  " O ' , G O T O  S 0 9
m o v e  SP ACES  TO OUTREC.
WRITE OUTREC AFTER ADVANCING # G V S .
ADD #GVS TO L I N E - C O U N T .
7 S 0 9  c o n t i n u e
/ I / / I / / I / / I / / ] / / ! / / ! / / ! /
7 GOTO 10
oo %
8 .  *HEAD PROCESSING
NOTE:
R O M T I N P  FOR P R O C E S S I N G  * HEAO D I R E C T I V E  AND PARAMETER RECORDS
%A "oheL I os^ ^ ^ ' " "  ™  SPACES
% NOTE: f G V 5  = S K I P  BEFORE COUNT
NOTE:  # GV 6 = S K I P  AFTER COUNT 
7 N O T E :  # GVZ = P AGE L I M I T
7 6 0 1  nG V 4 = • L ’
7 # G W 5 = • 1 •  ‘
7 # GV6 = ’ 1 •
7 f G V Z = ' 6 4 '
7 NOTE:  SQUASH I N P U T  B U E p F R
7 SQUASH
7 NOTE:  T E S T  FOR END OF B U F F E R
7 I f  # G S T C . E Q . 5 , G O T O  6 0 2
I n o t e :  c o p y  c o n t r o l  LEVEL I NT O f O V 4
7 C A L L F S T R ( # G V 4 , 6 , 1 )
7 NOTE: T E S T  FOR END OF BUFFER
^ ( F' # G S T C . E Q . 6 , G 0 T 0  6 0 2
NOTE:  T E S T  FOR END OF B U F F E R
7 f G l N P = # G C C T + 7
7 I F  * G l N P . G E . f G S T C , G O T O  6 0 2
t!  " o l N P ^ ^ O l N p f i "
-  C A L L V S T R ( # G V A , 0 „  )
^ l i ^ T ô v l l N E ^ ^ L ' y G O T O ^ i a l  L I N E S  PARAMETER
7 # G l N P = # G l N P + # G C C T
^ I P  " 0 1  N P . G E . A O S T C y G O T O  6 0 2
:  : ' m N ; J m I p : T  " ^ r p a g e  I NTO , G V E
C A L L V S T R ( # G V Z , 0 , , )
"^602 *^ “ 01 NG L I N E  COIINT , G H C T  = I
% r e s e t  " s 0 9  LEVEL AGIM , N  . G H E D  U S I N G  # S 0 9
7 DE P OS I T S  # G V 4 # G H E D \
7 READ f S 0 9




% NOTE: REMOVE UNWANTED S P A C E S  FROM #CVA f C U 6  AND # G V 7  US I NG # S 4 9
7 RESET * S 0 9
7 D E P 0 S I T 9  /^GVS
7 READ 4 S 0 9
% SQUASH
7 P GOU P = f GS T C
7 C A L L F S T R ( * G V S , 1 , 0 )
7 RESET 4 S 0 9
% D E P 0 S I T 9  * G V 6 \
% READ # S 0 9
% SQUASH
7 * G O U p = f C S T C
7 C A L L F S T R ( # G V 6 , 1 , 0 )
7 RESET * S 0 9
% ; D E P O S I T S  * G V 7 \
% READ # S 0 9
% SQUASH
% f G O U P = # G S T C
% C A L L F S T R ( * G V Z , 1 , 0 )
7 NOTE: GENERATE PARAGRAPH HEADING AND LEVEL 4 1 ENTRY
7 # G F I L = ' 0 T H E P P A R '
7 OBEY 1 0 2 , 6 0 9
7 6 0 9  CONTINUE
# G V 4 - H E A D - W R | T E .
/ 1 / / 1 / / 1 / / 1 / / 1 / / 1 / / 1 / / 1 /
7 NOTE: READ RECORD
7 READ
7 6 0 3  f G F l L = ' H E A D I N G S '
7 OBEY 1 0 2 , 6  11
7 6  11 CONTINUE
4 1 4 G V 4 - H E A D - * G H C T .
7 NOTE: EXTRACT F | R S T  5 8  CHARACTERS
7 . C A L L F S T R ( * L V 1 , 1 , 8 )
7 C A L L F S T R ( * L V 2 , 9 , 8 )
7 C A L L F S T R ( d L V 3 , 1 7 , 8 )
7 C A L L F S T R ( 2 L V 4 , 2 5 , 8 )
7 C A L L F S T R ( ^ L V 5 , 3 3 , 8 )
.7 C A L L F S T R ( * L V 6 , 4  1 , 8 )
7 C A L L F S T R ( a L V 7 , 4 9 , 8 )
7 C A L L F S T R ( * L V 8 , s ^ , 2 )
0 2  F I L L E R  P I C T U R E  X ( 5 8 )  VALUE  
"4LV1#LV2#LV3#LV4*LV5*LV6#LV7#LV8".
7 NOTE:  EXTRACT CHARACTERS 5 9  -  7 2
% C A L L F S T R ( P L V 1 , 5 9 , 8 )
7 C A L L F S T R ( * L V 2 , 6 7 , 6 )
0 2  F I L L E R  P I C T U R E  X ( 1 4 )  VALUE " 4 L V 1 4 L V 2 " .
0
-'u '

















7 6 0 8
7 6 2  1
7
F CDMTlfMr EBTl^'DiT-^r-frE: c o pry^
READ
C A L L F S T R ( # L V 1 , 1 , 1 )
I F f L V l . E Q . ' * ' , G O T O  6 0 4  
NOTE:  EXTRACT CHARACTERS 1 TO 4 8  
C A L L F S T R ( f L V l , l , 8 )
C A L L F S T R ( # L W 2 , 9 , 8 )
CALLFSTRC # L V 3 , 1 7 , 8 )
CALLFSTRC # L V / 4 , 2  5 , S )
C A L L F S T R ( # L V 5 , 3 3 , 8 )
C A L L F S T R ( * L V 6 , 4  1 , 8 )
0 2  F I L L E R  p i c t u r e  X ( 4 8 )  VALUE  
" A L V 1 A L V 2 A L V 3 # L V 4 A L V 5 A L V 6 " .
NOTE: READ NEXT RECORD AND TES T  r c R  *
READ
CALLFSTRCALVl , 1 , 1 )
I F  A L V 1 . E 0 . ' * ' , G 0 T 0  6 0 S  
/ 1 / / 1 / / 1 / / 1 / / 1 / / 1 / / 1 / / 1 /
NOTE:  GENERATE WRITE VERB STATEMENTS
A L U = 6 2 4
GOTO 6 2  1 
AGHCT=AGHCT+1  
GOTO 6 0 3  
NOTE:  GENERATE  
CONTI NUE
0 2  F I L L E R  P I C T U R E  X ( 4 8 )  VALUE S P A C E S .
CONTINUE  
A L U 3 = 6 2 0  
GOTO 6 2  1
NOTE: TES T  S PACI NG AFTER OPTI ON  
I F  A G V 6 . E O . ' 0 ' , G O T O  6 0 8
NOTE: GENERATE S PACI NG AFTER STATEMENTS
* G F I L = ' O T H E R P A R '
OBEY 1 0 2 , 6  16  
CONTINUE
MOVE SPACES TO OUTREC.
WRITE OUTREC AFTER ADVANCING A G V 6 .  
ADD AGV6 TO L i N E - C O U N T .
/ I / / I / / I / / I / / I / / I / / I / / I /
NOTE:  T E S T  FOR *HEAD RECORD 
C A L L F S T R ( A L V 1 , 1 , 8 )
I F  ' * H E A D ' . A T . # L V 1 , G 0 T 0  6 0  1 
GOTO 10
A G F I L = ' O T H E R P A R "
OBEY 1 0 2 , 6  18
SPACE F I L L E R  FOR M I S S I N G  SECOND RECORD
■ . -  : 7 75
. . , 7 ' ■ .
- . '  - . -- "''%A:-r " '. . -' ' - \ : ■ ■' .f . - ■  , - .- ' . '..V'WS-■ ' - - - . ; - . ■■ï'- . ,, \ ' . ' : '.' - 7 ;
: : '■ '
K*' ; : ■ ■ ' . ' ' ■ ' _ '
' 7  - ',- 7 ‘"  . ■ : ■ ;  : ■ - 7^  • . ' •>
 ^ 7 : -
^ 7;. ■ ■ i ■ 7  . . .  _ - , . , . :. 7 ' ■ 7 777,  ' 7
■•  ^      ■ 57.7  7 . ............ _ _ _ _ _ ..............
% n o t e :  t e s t  FOR F I R S T  L I N E  OF HEADI NG
%6 18  I F # G H C T . E 0 . 1 , G O T O  6 19
'•JRITE OUTREC FROM # G V 4 - H E A D - # G H C T  AFTER ADVANCING Î .
ADD I TO L I N E - C O U N T .
% GOTO 6 2 ?
%6 19 CONTINUE ,
WRITE OUTREC FROM # G \ / 4 - H E A D - A  GHCT AFTER ADVANCING AG'/S




9 -  *OUT PROCESSING
O
o
% n o t e : r o u t i n e  FOR P ROCE S S I NG *01 IT D I R E C T I V E S  AND PARAMETERS
% NOTE: I N I T I A L I S E  PGOUT TO SP ACES
%7 PGOUT=#GSPC
% NOTE: SET DEFAULT VALUES FOR V A R I A B L E S
% NOTE: # G V 4 = C 0 N T R 0 L  LEVEL
% NOTE: P GV F = S K1 P  BEFORE COUNT
% n o t e :  PGV6 = S K I P  AFTER COUNT
%70 1 PG\M= ' L'
% PGVS= ' 1 '
% PGV6 = ’ 1'
X NOTE: SQUASH INPUT BUFFER
% SQUASH
% NOTE:  TES T  FOR END OF BUFFER
% IF P G S T C . E Q . 4 , G 0 T 0  7 0 2
% NOTE: COPY CONTROL LEVEL INTO PGV4
% C A L L F S T R ( # G V 4 , 5 , 1)
% NOTE: T E S T  FOR END OF BUFFER
% IF P G S T C . E Q . S j G O T O  7 0 2
% NOTE: COPY S K I P  BEFORE COUNT INTO PGV5
7, C A L L V S T R ( P G V S , 6 , j )
% NOTE: T E S T  FOR END OF BUFFER
7 P G I N P = P G C C T + 4
7 IF # G I N P . G E . P G S T C , G 0 T 0  7 0 2
7 NOTE: COPY S K I P  AFTER COUNT INTO PGV6
7 P G I N P = P G I N P + 1
7 C A L L V S T R C P G V 6 , 0 , j )
7 NOTE: SAVE OUTPUT LEVEL # GV 4  IN PGO UT IISING # S 0  1
7 RESET P S 0  1
7 D E P O S I T I  P G V 4 P G 0 U T \
7 READ P S 0 I
7 C A L L F S T R C P G O U T j 1 , 8 )
7 NOTE: SET OUTPUT LI NE PGOCT = 0
7 7 0 2 #GOCT=0
7 NOTE: SET PARAGRAPH SWITCH PGPSW= 0
7 4GPSW=0
7 NOTE: REMOVE UNWANTED S P A C E S  FROM PGVS AND # GV6  USI NG # S 0  1
7 RESET P S 0  1
7 DE P O S I T I  PGVSN
7 READ P S 0  1
oo
% P GOnP=# GSTC
% C A L L F S T R C P G V 5 , 1 ^ 0 )
7 RESET P S 0  1
% D E P O S I T I  P G V 6 \
% READ # S 0  1
% SQUASH
7 # GOUP=# GS TC
7 C A L L F S T R ( P G V 6 , 1 , 0 )
7  NOTE: READ RECORD AND SET P G I N P  = 1
% READ
7 P GI NP = 1
7  n o t e :  INCREMENT L I N E  COUNT AND SET INDI CATOR # L V 2  TO 0
7 7 6 7  # G 0 C T = P G 0 C T + 1
% P L V 2 = 0
7  NOTE: SET MOVE SWITCH PGMVE = 0
7 #GMVE=0
7 PCF I L = • OUTREC ’
% OBEY 1 0 2 , 7  10
7 7  1 0  CONTINUE
7 NOTE:  GENERATE LEVEL 0 1 ENTRY
0 1  P G V 4 - R E C P G 0 C T .
/ 1 / / 1 / / 1 / / 1 / / 1 / / 1 / / 1 / / 1 /
7 n o t e :  e x t r a c t  NEXT CHARACTER FROM INPUT B'JFFER IN #LV 1
7 P L U G = 7 0 3
7 GOTO 76  0
7 NOTE: TES T  PLVl  FOR BLANK
7 7 0 3  IF P L V l . E Q . "  ' , G O T O  7 0 4
7 NOTE: T ES T FOR START OF L I T E R A L
7 I F PLV.l . E Q . P G Q U 0 , G 0 T 0  7 0 S
7  NOTE: SAVE CHARACTER I N PGV9 AND START CHARACTER COUNT PGV7
7 P GV9 = P L V 1
7 P G V 7 = 1
7 NOTE: EXTRACT NEXT CHARACTER
7 7 0 6  P L U 3 = 7 0 7
7 GOTO 76 0
7 NOTE: TEST FOR END OF L I N E
7 7 0 7  IF P L V 2 . G T . 1 , GOTO 7 0 8
7  NOTE: TES T  FOR SAME CHARACTER AS PRE VI OUS
7 I F P G V 9 . N E . P L V 1 , GOTO 7 0 8
7 NOTE;: I NCREMEMT CHARACTER COUNT
7 P GV7 = PGV7 + 1





























7 7 1 7
7
7
7 7  1 Zi
7
7 7  19
7
7 7 2 0
NOTE:  GENERATE 0 2  LEVEL ENTRY
# G F I L = ' O U T R E C '
OBEY 1 0 2 , 7 1 3
NOTE: T E S T  AG\/9 FOR 0 - 9
T E S T D I G T ( # G V 9 )
I F  # G T S T . E O . 0 , G O T O  7 0  9
0 2  # GV9  P I C T î f R E  % ( 4 G V 7 ) .
GOTO 7 1 2
CONTINUE
//LV7=tfGV7-l
I F  # L V 7 . E Q . 1 , G 0 T 0  7 7 7
0 2  A#GV9 P I C T U R E  Z ( 4 L V 7 ) 9 .
GOTO 7 12  
CONTINUE
0 2  A#GV9 P I C T U R E  9 .  
n o t e : F I N I SK Î-/R I TI NG TO F I L E  
CONTINUE
NOTE:  GENERATE ^OVE STATEMENTS ANO PARAGRAPH NAME I F  AT LEVEL L
NOTE:  TES T FOR ' L'  IN # G V / j
I F  # G V 4 . E Q . ' L ' , G 0 T 0  7 14
NOTE: T E S T  PARAGRAPH SW| TCH f GPSW
IF 4 G P S U . N E . 0 , G O T O  7 4 8
# G F I L = ' 0 T H E R P A R '




IE # G M V E . N E . 0 , G O T O  7 2 9  
# G F | L = ' Q T H E R P A R '
OBEY 1 0 2 , 7 1 7  
CONTINUE
MOVE  CORRESPONOING # G V 4 - L E V E L  TO f G V 4 - R E C f G 0 C T .
^GMVE=1
GOTO 7 1 8
4 G F I L = ' M O V E P A R A '
OBEY 1 0 2 , 7 1 9  
T E S T 0 I G T ( # G V 9 )
I F  # G T S T . E Q . 0 , G O T O  7 2 0
MOVE PGV9 IN INREC TO f G V 9  IN L - R E C A G O C T .
GOTO 7 1 8  
CONTI NUE
...............  MOVE A 4 GV9 I N INREC TO A# GV9 IN L - R E C A G O C T .
o7
7 7 1 8
7729
7 7 2  1
7722
7
7 7 2 S
7 2 3
^LW2 FOR FNO OF INPUT HUFPrR
AMO SET FILE MA IE IM #GF(L
7720
NOTE : t e s t  
CONTINUE
I F  ^ L V 2 . L E . 1 , GOTO 7 0  3 
NOTE:  t e s t  F OP  CONTROL L E VE L  L 
IF # G V 0 . F O . ' L ' , G O T O  7 2 |
# G F I L = ' 0 T H F P P A P '
GOTO 7 2 2
n G F I L= • 'Rp I t e P  AR •
OBEY 1 0 2 , 7 2 s
NOTE: GENERATE WRITE STATEMENTS  
IF ^ G O C T . e Q . 1 , G O T q 7 2  3
P A R A - L I  NF-CMCCK THRU R A R A - L l N R - R X I T .
* ^ I " 4 - R L C # G 0 C T  AF-TRR ' a o u a NCI  Mr; , . 
AGO I TO L i N E - C O U N T .
GOTO 7 2 0  
CONTI N' fF
PERFORM P A R A - L I N E - C H E C <  THRU P A R A - L I N F - E X I T
B o u a m c ,  Mr; a . h s
I F  # G V 0 . E O . ' L ' , G O T O  7 2 4
PERFORM A GV0 -  a g o ,








7 7 2 4
7 7 2 7
7728





IF # L V 2 . L E . 2 , G 0 T 0  7 4  7 
NOTF: GENERATE F I N A L  S PACI NG STATEMENT  
C ALLCONV ( GU4 ,  a G\ /4 )
I F  f G V 4 . L E . 0 , G O T O  7 3 0  
IF * G V 4 . E O . ' L ' , G 0 T 0  7 2 4  
#GFIL='QTRFRPAR'
GOTO 7 2 7
# G F I L = '  'VR I TEPAP '
OBEY 1 0 2 , 7 2 8  
CONTINUE
MOVE S P ACE S  TO OUTREC.
N ^ I T E  OUTREC AFTER ADVANCING 4GV4
ADD 4" GV4 TO LI N E - COUNT.
CALLFSTR(fLVl ,^,4)
I F * L V I . E O . ' v O U T ' ,  GOTO 7 0 1  
GOTO 10
NOTE: P R O C E S S  L I T E R A L  F | E I D  








7 7 3 4
7
7




7 7 3 4
7
7
7 7 3 7
7
7 7 3 9
7
7
7 7 3 8
7
7
7 7 4 0
7
7 7 4 4
7
7 7 4 3  








7 7 4 4
7






a G\/7 = 0
N O T E :  E X T R A C T  N E X T  C H A R A C T E R  AND T E S T  WDDT E
dLU3=732
GOTH 7 4 0
IE ^LW 1 . E O . G D I  ! 0 ,  GOTO 7 3 4  
D E P O S I T S  ^ L V 1 \
# GU7= AG\/7 + 1 
GOTO 7 3 3
NOTE:  G E N E R AT E  F I L L E R  C O N T A I N I N G  L I T E R A L  
# G F I L = ' O U T R E C '
4GV7=#GW7+2 
OBEY 1 0 2 , 7 3 3  
C O N T I N U E
0 2  F I L L E R  P I C T U R E  X ( 4 G U 7 )  VALUE "  * 5 4 9
* L U 3 = 7 1 8  
GOTO 7 4 0
NOTE:  P R O C E S S  BLANK F I E L D  
* G V 7 = I
NOTE:  E XTRACT NEXT CHARACTER 
* L U 3 = 7 3 4  
GOTO 7 4  0 
NOTE:  TEST
I F  * L V 2 . GT
FOR END OF 
I , G O T O  7 3 7
I N P U T  B U F F E R
NOTE:  T E S T  FOR BLANK CHARACTER IN * LV1  
I F  * L V 1 . E 0 . '  ' , G O T O  7 3 8  
NOTE:  GE N E R A T E  BLANK F I L L E R  
* G F I L = ' O U T R E C *
OBEY 1 0 2 , 7 3 9  
CONTINUE
0 2  F I L L E R  PI CTI Î RE X ( * G V 7 )  VALUE-  S P A C E S .
GOTO 7 1 8
NOT E :  I NCREMENT BLANK CHARACTER COUNT
# 0 \ / 7  = * G V 7 +  1 
GOTO 7 4 0
NOTE:  ROUT I NE TO EXTRACT CHARACT E RS  FROM ? O U T  PARA METER RECORDS
I F  * L V 2 . N E . 0 , G O T O 7 4  1
I F  * G I N P . GT . 7 2 , GOTO 7 4 2
NOTE:  F E T C H  NEXT CHARACTER
CALLFSTPC * L V 1 , 0 , 1 )
*GI NP = *GI  1
GOTO * L U 3
I F  * G I N P . G T . 4  8 , g o t o  7 4 3
GOTO 7 4 0
READ
* G I N P = 1
CALLFSTRC * L V ] , 1 , 1 )
I F  * L V 1 . E Q . ’ * • , GOTO 7 4 4
* L V 2 = 2
GOTO 7 4 3
* L V 2 = 3
GOTO 7 4 3
READ
* G I N P = 1
CALLFSTPC * L V 1 ,  1 ,  1 )
I F  * L V 1 . E Q . ' * ' , G 0 T 0  7 4 4
* L V 2 = 1
GOTO 7 4 4






7 8 0 2
NE FOR P R O C E S S I N G  * G 0  D I R E C T I V E S  AND FOR 
COBOL STATEMENTS FOR THE PROCEDURE D I V I S I O N
BEEN GENERATED ADD F I N A L
NOTE: ROUT 
NOTE: MORE 
NOTE: I F  NOTE PARAGRAPH HAS
n o t e : FULLS TOP  
I F  # G S 0  1 . E O . 0 , G O T O  8 0 1  
* G F I L = ' N O T E P A R A '





7 8 0  1
7 8 0 3
7 8 0 7  
7 8 0 9  
7 8  1 1 
7 8  13  
78 1 3  
%
7 8 0 4
7
7
7 8 0 6
7
7
7 8 0 8
7
7













/ I / / I / / I / / I / / I / / I / / I / / I /
NOTE: g e n e r a t e  PERFORM STATEMENTS FOR COBOL NEW PAGE 
NOTE: p r o c e d u r e s
8 0 4  
8 0  6 
8 0 8  
8 1 0 
8 12 









I N . * G H E D , G O T O  
I N . f G H E D , G O T O  
IN . * G H E D , G O T O  
I N . * G H E D , G O T O  
I N . f G H E D , G O T O  
I N . f G H E D , G O T O  





' O ' .  
' N ' .  
' M ' . 
GOTO 8 1 8  
# L V l = ' L '
* L V 3 = 8 0 3
GOTO 8  19 
*LV 1 = • R •
# L V 3 = 8 0 7  
GOTO 8  19 
* L V 1= ' O'
* L V 3 = 8 0 9  
GOTO 8 1 9  
ALV 1 = *p •
ALV 3= 8  1 1 
GOTO 8  19 
A L \ / 1 = ' 0  '
ALV3 = 8  1 3 
GOTO 8  19 
ALV1=• N'
ALV 3 = 8  1 3 
GOTO 8 19 
ALV 1 = *M •
ALV 3= 8  1 8
A G F I L = ' PAGEPARA'
o% #GS13=1
% OBEY 1 0 2 , 8 0 3
%8 0 3  CONTI NUE
PERFORM A L V l - H E A D  THRU A L V I - H E A D - E X I T .
% A G F I L = ' O T H E R P A R '
% OBEY 1 0 2 , 8 7 8
7 8 7 8  CONTI NUE
a L v I - H E A D .
PERFORM P A R A - L I N E - C H E C K  THRU P A R A - L I N E - E X I T .
I F PAGE-  S:-;| TCH NOT EQUAL TO ZERO GO t q  a LV 1 -HEAO- EX 1 T .
PERFORM A L V 1 - h e A D - WR I t e .
A L V 1 - H E A D - E X I T . E X I T  
/ I / / I / / I / / I / / I / / ! / / ! / / ! /
7 GOTO ALV3
7 NOTE: GENERATE COBOL STATEMENTS FOR PROC:
N, AG Q V T , G O T O  8 2 2  
N. AGQUTj OOTO 8 2 4  
N . AGOUTj GOTO 8 2 4  
N. AGOUT , GOT O 8 2 8  
N . AGOUT , GOT O 8 3 0  
N . A GOU T , GOT O 8 3 2  
N . A  G O U T , g o t o  8  3 4
o
^ S I N G  CONTROL TOTALS
7 8  18 I F  "1  ' . 1
7 8 2 3 I F  ' N ' . l
7 8 2 S I F  ' O ' . l
7 8 2 7 I F ' P ' . l
7 8 2 9 I F  ' O ' . l
7 8 3  1 I P  ' R ' . l
7 8 3 3 I F ' F ' . l
7 GOTO 8 4 0
7 8 2 2 A L\M = ' M '
7 # L V 2 = • N •
7 A L V 3 = 8 2 3
7 GOTO 8 4 0
7 8 2 4 A LV 1 = • N •
% A L V 2 = ' 0 •
7 A L V 3 = 8 2 S
7 GOTO 8 4 0
7 8 2 4 A L V 1 = ' O '
7 ALV2= ' p  •
7 A L V 3 = 8 2 7
7 GOTO 8 4 0
7 8 2 8 A LV 1 = ’ p •
7 A L V 2 = ' O '
7 A L V 3 = 8 2 9
7 GOTO 8 4 0
7 8 3 0 A LV1= * Q •
7 A L V 2 = ' R '
7 ALV 3 = 8  31
7 GOTO 8 4 0
7 8 3 2 A L V 1 = ' R '
7 ALV3 = 9 3  3
oo
% GOTO 8 4 0
%834 A L V 1 = T •
% # L V 3 = 6 6 0
7 8 4 0  A G F I L = ' F I N A L P A R '
% A G S 1 2 = 1
% OBEY 1 0 2 , 8 3 3
%8 3 S  CONTINUE
PERFORM A L V l - T O T A L S .
/ 1 / / 1 / / 1 / / 1 / / 1 / / 1 / / 1 / / 1 /
7 I F  A L V 1 . E U . • F • , GOTO 8 4 0
7 A G F l L = ' O T H E R P A R '
% OBEY 1 ^ 2 , 8 3 7
7 8 3 7  CONTINUE
A L v i - A o n .
% I F  A L V 1 . E O . ' R ' , G O T O  8 3 8
7 I F  A L V 2 . | N . A G 0 H T , G 0 T 0  8 4 4
7 8 3 8  I F  ' P ' . l N . A G O U T j G O T O  8 4 S
7 8 4 8  CONTI NUE
SUBTRACT CORRESPONDI NG A L V 1- L E V E L  FROM A L V 1 - L E V E L . 
/ I / / 1 / / I / / 1 / / 1 / / 1 / / 1 / / 1 /
7 GOTO ALV3
7 8 4 4  CONTINUE
ADD CORRESPONDI NG ALV 1 -  LEVEL t q  A L V 2 - L E \ ' E L .
7  GOTO 8 3 8
7 8 4 s CONTI  NiiE
ADD CORRESPONDI NG A L V 1 - L E V E L  TO F - L E V E L .
7 GOTO 8 4 8
7 NOTE: GENERATE COBOL STATEMENTS FOR CONTROL
7 NOTE:  BREAK P R O C E S S I N G
7 8  4 0 A G F I L = ' B R E A K P A R '
7 OBEY 1 0 2 , 8 3 9
7 8  3 9  CONTINUE
P A R A - B R E A K .
7 IF ’ R • . I N . t f G O U T , g o t o  8 3  1
7 8 3 2  IF ' 0 ' . I N . A G 0 U T , G 0 T 0  8 3 3
7 8 3 4  IF • P ' . 1 N . A GOUT, GOTO 8 3 3
7 8 3 4  IF ' 0 ' . I N . A G 0 U T , G 0 T 0  8 3 7
7 8 3 8  I F  • N • . 1 N . A GOUT, GOTO 8  3 9
7 8  4 2 I P  ' M ' . 1 N. AGOUT, GOTO 8 4  1
E X I T .
7 8 4 8  GOTO 8 4 3
7 8  51 A L V 1 = ' R '
7 A L V 2 = ' Q '
% ALV3 = 8 3 2
% GOTO 8 6 3
ALU 1= •Q •
:—  . . j
7 ALV(2= ' P '
7 ALV3 = 8 5 3
7 GOTO 8 6 3
7 8 5 5 ALV1 = * P •
% A L V 2 = ' 0 '
% A L V 3 = 8 S 6
7 GOTO 8 6  3
7 8 5 7 A L V 1= *0  *
% A L V 2 = ' N '
% A L V 3 = 8 5 8
% GOTO 8 6  3
7 8 5 9 A L V | = ' N '
% A L V 2 = ' M •
7
7
A L V 3 = 8 6 2  
GOTO 8 6 3o 7 8 6  17 A L V 1 = • 1 '  ALV3 = 8 6 8
7 8 6 3 I F  ALV1 . NE
O
7849  
7 8 4  1
7 8 4 2
7 8 4 3
7
7 8 7 0
7 8 6 9
7 8 7 9
7 8 8 8
7 8 8 9  
7 8 9 9  
%
7 8  7 I




• M* , GOT O 8 4  7
IF M I N INREC EQUALS  
GO TO P A R A - B R E A K - E X I T .
I N CONTROL- BREAK
GOTO 8 4 9  
CONTI NUE
IF ALWl I N INREC EQUALS A L v i  I N CONTROL- BREAK  
GO TO A L V 2 - B R E A K .
OBEY 8 7 0 , 8 4  1 
OBEY 8 8 0 , 8 4 2  
OBEY 8 9 0 , 8 4 3  
GOTO ALV3
NOTE: GENERATE PERFORM TOTALS STATEMENTS  
I F  ' M ' . I N . A G O U T , G O T O  8 7 1  
I N . A G O U T , G O T O  8 7 2  
I N . A G O U T , G O T O  8 7 3  
I N . A G O U T , G O T O  8 7 4  
I N . A G O U T , GO T O  8 7 5  




I F  
I F
• N •
• 0 ' 
' P ' . l
' O ' .   
• R ' . l
GOTO 8 7 7  
CONTINUE
I F A L V 1 . EQ  
GOTO 8 6 9  
CONTINUE
I F A L V 1 . EQ  
GOTO 8 7 9  
CONTI NUE
PERFORM M - t o t a l s  
'M ' , GOTO 8 7 7
PERFORM N - T O T A L S  
• N ’ , GOTO 8 7 7
""''WyRfg TfmfT'ÿT -ntv I. Y
16/
_üja» *<î.a.-iLïI F  # L V 1 . E Q . ' 0 ' , G 0 T 0  « 7  7 
GOTO «8%%
%8 7 4  CONTINUE
PERFORM P - T O T A L S .  
% I F  # L V I . E Q . ' P ' , G O T O  8 7 7
% GOTO « 8 9
%8 7 S  CONTI NUE
PERFORM Q - T O T A L S .  
% I F  # L V I . E Q . ' Q ' , G O T O  8 7 7
% GOTO 8 9 9
%876 CONTINUE
PERFORM R - T O T A L S .
%877 RETURN
Mowr  S T A T F I E N T ( S )  TQ UPDATE CONTROL ‘^ I RLDS







7 8 8  1
I F  ^ L \ / 1 . F Q .  ’ Q ' 3 GOTO 8 8 ? 
| F  # LW1 . E 0 . ' P ' , G 0 T0  8 8 3  
IF * L W 1 . E 0 . ' 0 ' , G 0 T Q  8 8/1 
1 F 4 L W | . E O . ' N ' j G O T 0 S 8 S 
I F . EO . 'M ' j GOTO 8 8 8
GOTO 887  
CONTINUE
7 8 8 2 COMTINUE
MOUE 9 I N I MREC t q R I N CONTROL- RREAK.
7 8 8 3 COMTlNUE
MOUE Q I r.j INREC TO Q I N CONTROL- RREAK.
7 8 8 4 C ON T I N " F
MOUE P I N I NREC TO P I N C 0 N T R 0 L - 8 R E A K .
7 8 8 5 CONTINUE
MOUE 0 I .N INREC TO 0 I N CONTROL- BREAK.
( ^ 7 8 8 6
7 8 8 7
CONTI NUE
MOUE N I N INREC TO N I N CONTROL- RREAK.
RETURN
MOUE M I N INREC TO (Y) I N C 0 N T R 0 L - 8 R E A K .
7 NOTE:  GENERATE PERFORM UERU S FOR CONTROL HEADI NGS
7 8 9  1
IF ' R ' . E O . # L W 1 , G O T O  8 9 2  
I F  ' O ' . E O . # L W l j 0 0 T 0  8 9  3 
I F  ' P ' . E Q . P L W l a O O T O  8 9 4  
I F  " O ' . E O . d L W 1 , 0 0 7 0  8 9  5 
I F  ' N ' . E O . * L W l , o o T O  8 9  6 
I F  " M ' . E Q . f L V l j O O T O  8 9  7 
GOTO 8 9 8
I F  ' F * . l N . f G H E O , G O T O  9 0 0
GOTO 8 9 2
oo
%
PERFORM E - B E A D TBRU E - B E A D - EXI1 T .
8 9 2 I E  ' R ' . l N . # G B E D , G O T O  9 0 1
% GOTO 8 9 3
%90 1 C O N T I NUE
PERFORM R- BEAD T BRU R - B E A D - E X I [ T .
%893 I E  ' O ' . i N . f G B E D j G O T O  9 0 2
% GOTO 8 9 4
%902 C ONT I NUE
PERFORM 0 - B E A D THRU N - H E A D - E X I 1 T .
%894 I E  ' P ’ . 1 N . # G K E D , G O T O  9 0 3
% GOTO 8 9 S
%903 CONTI NUE ,
P ERFORM P - B E A D TBRU P - B E A D - E X l 1 T .
%89S I E  ' 0 ' . I N . # G H E D , G 0 T 0  9 0 4
% GOTO 8 9 6
%904 C O N T I NUE
PERFORM 0 - B E A D THRU 0 - B E A D - E X I I T .
%894 I E  • N • . 1 N . # G H E D , G O T O  9 0 S
% GOTO 8 9  7
%94S CONT I NUE
PERFORM N- BE AD TBRU N - B E A D - E X I T .
%897 I E  ’ M • . 1 N . ^ G B E D , G O T O  9 0  6
GOTO 8 9 8
%906 C O N T I N U E
PERFORM M- BEAD THRU M - B E A D - E X I T .
%8 9 8 IE # L U ] . E O . ' M ' , G O T O  8 6 7
GO TO P A R A - B R E A K - E X I T .
# L V 2 - B R E A K .
%867 RETURN
%865 C O N T I NUE
P A R A - B R E A K - E X I T .  E X I T .
C ONT I NUE
/ 1 / / 1 / / 1 / / 1 / / 1 / / 1 / / 1 / / 1 /
% NOTE: GENERATE STEERI NG L I N E S  FOR PARTI  MACRO
/ I / E l  L E , 0 , P A R T 1 \
/ I / D E E  PARTI  
^ I D E N T I T Y  #G\ / 2  
*COMPI LE
*COBOL CARDS ( TABNCRDS )
*OBJ ECT EDS ( I CLA- DEEAI I LT)
* STANDARD
^ CONSOLI DATE EDS XPCK
^SUBGROUPS EDS ( S U B G R O U P S - R S )
*LOAD
V



































/ I / / I / / I / / I / / I / / I / / , / / , /
NOTE: COMPLETE GENERATION OF CONSTANTS MACRO 
/ 1 / FILE,1 ,C0NSTANTS\
# GHAT C G H E D = # G Q U O # G H E D * G O U O  
f G H A T C G 0 H T = # G Q U 0 # G 0 U T 4 0 Q n 0  
^GHATCGV2=#GOno#GW2#GQno
^ GHATCGl/1 1 =# GQ!10#GV 1 1#GQU0 
 ^GHATCGW 12 = #GQH0fGV 1 2#GQ!I0 
.^GKATCGSO 1=#GS0 1 
#GHATCGS 03=f GS 03  
# GH AT 0 G S I 2 = # GS 1 2  
f G H A T C G S I 5 = # G S 1 S  
fGHATCGWZ=#GVZ
/ ! /
/ I  /
/ !  /
/ I  /
/ !  /
/ !  /
/ 1  /
/  1 /
/  1 /
/  1 /
/ I / E N D
/ 1 / / 1 / / I / / I / / I / / I / / } / / 1 /
NOTE:  C OMP L E T E  GENERATI ON O F  MACROS  
* G F I L = ’ N O T E P A R A '
OBEY 1 0 4 , 3 0  
A G F I L = ' T I T L E S '
OBEY 1 0 4 , 3 1  
A G F l L = ' T I t l e p a R •
OBEY 1 0 4 , 3 2  
A G F l L = ' Q T H E R P A R •
OBEY 1 0 4 , 3 3  
A G F l L = ' H E A D  I N G S '
OBEY 1 0 4 , 3 4  
A G F 1 L= • I M F O T P r Q '
OBEY 10 4 , 3 5  
AGFj  L = ' C T R L B R K E '
OBEY 1 0 4 , 3 4  
^ G F l L = • S AWETOTL'
OBEY 1 0 4 , 3  7 
AGF1L= ' OR ! TrPAR*
OBEY 1 0 4 , 3 8  
AGE I L = ' M O ^ E P A R A '
OBEY 1 0 4 , 3 9  
* G F I L = ' ONT RE C'
OBEY 1 0 4 , 4 0  
# G F I L = ' F I N A L P A R '
OBEY 1 0 4 , 4  1 
A G F I L = ' P A G E P A R A '
OBEY 1 0 4 , 4 2  
A G F I L = ' 3 R E A K P A R •
OBEY 1 0 4 , 4 3  
A G F I L = ' A D D P A R A '
OBEY 1 0 4 , 4 4  
GOTO 9 9 9 9
oo
1 1 . MV.qAAGF.S AND CREATE SUBFILES
S l r E  E E : :
13 .  THE DEFAULT REPLY IS 1 2 .
oo
%DEF CREATE
% NOT E:  MACRO TO C R E A T E  AN EMPTY CATALOGUE F OR D E S C R I P T I O N S  OF
X  NOT E :  F I L E S  W I T H I N  T H E  DATA B A S E
X  N O T E :  I D E N T I F Y  THE MACRO TO T H E  US E R AND RE Q U E S T  THE CATALOGUE
X  N OT E:  PASSWORD
X  # L S T R T = I
% # L F I N = 7
X  CALL I
X  NOTE:  READ AND E X TRA CT PASSWORD FOR CATALOGUE
X  CALL 9
X  C A L L F S T R ( # G P A S S ^ 1 , 8 )
X  N OT E:  R E Q U E S T  N O .  OF S E C U R I T Y  L E V E L S  TO B E  USED
X  # L S T R T = 8
X  # L F I N = 1 0
%  CALL 1
X  NOTE:  READ AND V A L I D A T E  S E C U R I T Y  L E V E L S
%2 CALL 9
X  SQUASH
% I F  # G S T C . E Q . 0 , G O T O  3
X  I F  # G S T C . G T . 2 ^ GOTO 4
X  NOTE:  T E S T  F I R S T  CHARACTER FOR D I G I T
X  C A L L F S T R ( # L V 1  ,  1 , 1 )
X  T E S T D I G T ( « L V 1 )
X  I F  # G T S T . N E . 0 j G O T O  4
X  NOTE:  T E S T  SECOND CHARACTER I F  P R E S E N T  F OR D I G I T
X  I F  # G S T C . E Q . l j G O T O  5
X  C A L L F S T R ( # L V U 2 , 1 )
X  T E S T D I G T ( # L V 1 )
X  I F  # G T S T . N E . 0 . G O T O  4
X  NOTE:  EXTRACT TWO V A L I D  D I G I T S
X  C A L L F S T R ( # L V | , I , 2 )
X  NOT E:  CONVERT f L v ;  TO B I N A R Y
%S C A L L C O N V C # L V 1 , # L V 1 )
X  I F  # L V I  . L T  . 1 . GOTO 4
X  I F  # L V 1 . G T . 1 2 ^ GOTO 4
X  NOTE:  S E T  UP AND W R I T E  CATALOGUE CONTROL RECORD
DATE 
X  T I ME
X  R E S E T  # 5 0 1
X  D E P O S I T !  0 j  l , # G P A S S , # L V U # G C D T ^ # G C T M j \
X  S E L E C T  CATALOGUE
X  RE P L A C E  1 , # S 0  1
X  NOTE:  t VRITE END OF J O B  ME S SAGE
X  D E P O S I T 0  EMPTYXCATALOGUEXWIT H % # L V I % S E C U R I T Y % L E V E L S % C R E A T E D % O N \
% .  WR I TE
X  D E P O S I T 0  #GCDT %AT %# GCT M%AND%READY%F OR%US E . \
X  WRI T E
X  GOTO 9 9 9
X  n o t e :  r o u t i n e  TO P R I N T  R ECORDS  FROM THE MES S A G E F I L E  
S EL E C T  M E S S A G E S
X I  FREAD # L S T R T ^ # S 0 I
X  D E P O S I T 0  # S 0 l \
T WRI TE
X  # L S T R T = # L S T R T + 1
% I F  # L S T R T . L E . # L F I N , G O T O  7
X  E X I T
X  NOT E:  S E T  D E F A U L T  N O .  O F  S E C U R I T Y  L E V E L S  TO B E  12
%3 # L V 1 = 1 2
X  GOTO 6
X  NOTE:  S E C U R I T Y  L E V E L  ERROR
%4 WR I TE  # S 0 I
% D E P O S I  T 0  # S0 I % I NVALI D% SECUR I TY% L E V E L  . %PLEASE%ENTER55CORRECT%V ALLIE . \
X  WRI T E
X  GOTO 2  '
X  NOTE:  I S S U E  P ROMP T AND READ R E P L Y
%9 D E P O S I T 0  : \
X  WR I TE
X  READ
% E X I T
% 9 9 9  C O NT I NU E
TEND
































NOTE: MACRO TO ALLOW THE CATALOGUE PASSWORD TO BE CHANGED 
NOTE: INTRODUCE MACRO AND REQUEST OLD PASSWORD 
D E P O S I T 0  MACRO%TO%CHANGE%CATALOGUE%PASSWORD. \
WRITE
D E P O S I T 0  PLEASE%TYPE%THE%OLD%PASSWORD, \
WRITE
NOTE: READ AND VALI DATE OLD PASSWORD 
CALL 9 0 0 0
CALLFSTRC # G O L D , 1 , 8 )
NOTE: READ CATALOGUE CONTROL 
SELECT CATALOGUE 
FREAD 1 , # S 0  1
NOTE: EXTRACT F I L E  AND RECORD 
READ # S 0  1
C A L L V S T R ( # L V 1 , 1 , , )
# G I N P = # G C C T + 2  
C A L L V S T R ( # L V 2 , 0 , , )
NOTE: EXTRACT S U B F I L E  PASSWORD 
# G I N P = # G I N P + # G C C T + 1 
CALLES T R ( # G O L D C , 0 , 8 )
NOTE: EXTRACT NO.  OF S E C U R I T Y  LEVELS  
# G I N P = # G I N P + 9  
CALLVSTRC # L V 3 , 0 , , )
NOTE: COMPARE PASSWORDS  
I F  # G O L D . E Q . ^ G O L D C , G O T O  10  
NOTE: PASSWORD I N ERROR.  TERMI NATE RUN.
D E P O S ! T 0  #G0LD%1S%AN%I NVALI D%PASSWORD. %TASK%ABANDONED. \  
WRITE 
GOTO 1 0 0
NOTE: I S S U E  PROMPT AND READ REPLY
D E P O S 1 T 0  : \






NOTE: READ AND EXTRACT NEW PASSWORD  
CALL 9 0 0 0
C A L L F S T R C # G R A S S ,  1 , 8 )
NOTE: UPDATE CONTROL RECORD ON CATALOGUE  
DATE 
TIME
RESET # S 0  1
D E P O S l T 1  # L V 1 , # L V 2 , # G P A S S , # L V 3 , # G C D T , # G C T M , \
REPLACE 1 , # S 0  1
NOTE: WRITE JOB COMPLETE MESSAGE




















#GFCT = COUNT OF FILES IN 
#GRCT = COUNT OF RECORDS !
//GREC = CURRENT RECORD PO 
#S09 = FILE NAME 
fGCATP = CATALOGUE PASSWORD
#GPW0 1 = HIGHEST SECURITY LEVEL PASSWORD FOR FILE 
#GFERR = FILENAME ERROR INDICATOR
#GPERR = PASSWORD ERROR INDICATOR
#GNERR = ERROR INDICATOR FOR AN INVALID COBOL NAME












































NOTE: SELECT CATALOGUE SUBFILE 
SELECT CATALOGUE
NOTE: READ CATALOGUE CONTROL RECORD IN TO #S0 1 
FREAD 1,#S0 1
NOTE: EXTRACT FILE COUNT, RECORD COUNT, PASSWORD AND NO. OF 
NOTE: SECURITY LEVELS 
READ #S0 1




CALLV STR( U GCATP, 0 , , )
#G1NP=#GINP+#GCCT+1 
CALLVSTR(#GSLVL,0,,)








# L \/1 = #LV1 + 1
IF #LVl.LE.#GSLVL,GOTO 105


















NOTE: INVALID CATALOGUE PASSWORD
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14. LIBPRELIK SUBFILE
%DEF L I B P RE L I M
0  % n o t e : REQUEST O P T I O N  -  ADD OR D E L E T E #
% 1 0 0  D E P O S l T0 D0%Ÿ0U%W1SH%TO%ADD2 A2 NEW2 F I L E % D E S C R 1P T 1 0N%0R%DELETE2AN%E\
% CALLCOPYC5 7 , X 1 S T l N G % O N E ? )
% WRI TE
%104 D E P O S l T 0  P LEAS E%TYPE%ADD2 0 R%DELETE, %AT%END%TYPE%FI NI SH. \
% WRITE
% NOTE: READ AND VALI DATE O P T I O N
% NOTE: OPTI ON NOT MORE THAN 6  CHARACTERS AND EQUAL TO ADD OR DELETE
% CALL 9 0 0 0
% SQUASH
% # GOUP=# GS TC
% C A L L F S T R ( # G O P T , 1 , 0 )
2 # G O U P = 1
2  I F  # G S T C . G T . 6 , G 0 T 0  1 0 2
2 I F  # G O P T . E Q . ' A D D ' , G O T O  1 0 3
2  I F  # G O P T . E p . ' D E L E T E ' , G O T O  1 0 3
2  I F  # G O P T . F Q .  ' FI  N I S H " , G O T O  E X I T
2  NOTE: I NVALI D OPTI ON
2 1 0 2  D E P O S I T 0  # G 0 P T 2 l S 2 A N 2 I N V A L I D 2 R E S P 0 N S E \
2 WRI TE
2  GOTO 1 0 4
0  ,2 ' NOTE:  REQUEST F I L E N A M E 7
2 1 0  3 '■ DEPOSl  T0 P L E A S E 2 T Y P E 2 T H E 2 N A M E 2 0 F 2 T H E 2 F I  L E 2 WH0  S E 2 DESCR I PT I 0 N2 Y 0 U \  
2 WRI TE
2  D E P O S l T 0  W I S H 2 T 0 2 # G 0 P T . \
2  WRI TE
( )  2  NOTE: READ AND STORE F I LENAME
2  CALL 9 0 0 0
2 WRITE P S 0 9
2  NOTE: VALI DATE FI LENAME OF UP TO 3 0  CHARACTERS
% # GL E NG= 3 0
2  CALL 2 0 0
2  NOTE: TEST NAME ERROR I NDI CATOR
2  I F  # G N E R R . E Q . 0 , G O T O  3 0 0
2  NOTE: I N V A L I D  FI LENAME
%o
o
D E P O S !  T 0  F1LE%NAME%#S09%I NV/AL 1 D%FüR%REASO N%L 1 S T E D % A 8 Q \ / E \
% WR I T E
% GOTO 1 0 3
% NOTE: V A L I D A T E  NAME S T A R T I N G  I N  P O S I T I O N  1 OF I N P U T  B U F F E R
% NOTE: #GNERR = ERROR I N D I C A T O R
% NOTE:  CLEAR ERROR I N D I C A T O R
%200 f G N E R R = 0
% NOTE:  T E M P O R A R I L Y  SAVE C O N T E N T S  O F  I N P U T  B U F F E R
% W R I T E  # S 0 l
% NOTE:  CHECK N O.  OF CHARACTERS ,
% SQUASH
% I F  # G S T C . G T . # G L E N G , G O T O  2 0 2
% N O T E :  CHECK FOR I MBEDDED B L ANKS
% W R I T E  # S 0 2
% I F  4 S 0  1 . N E . * S 0 2 j G O T O  2 0 3
% NOTE:  CHECK F I R S T  CHARACTER F OR HYPHEN OR Z
%2 10 C A L L F S T R ( # L V 1 , 1 , 1 )
% I F  * L V | . I N . ' Z - ' , G 0 T 0  2 0 4
% NOTE: CHECK LAST CHARACTER FOR HYPHEN
%2 11 f G l N P  = #GSTC
% C A L L F S T R ( f L W l , 0 , l )
% I F  # L V 1 . E Q . ' - ' , G 0 T 0  2 0 S
% NOTE: SET UP LOOP TO CHECK FOR A L P H A B E T I C ,  NUMERIC AND HYPHEN ONLY
%2 12 # G l N P = l
% NOTE:  Z E R O I S E  COUNT O F  ALPHA C HAR AC T E R S
* L AL P H= 0
% NOTE:  EKTRAÇT NEXT CHARACTER
%2 1 3  C A L L F S T R C # L W 1 , 0 , 1 )
% NOTE: TES T NUMERIC
% T E S T D I G T ( f L W l )
% I F  f G T S T . F Q . 0 , G O T O  2 0 4
% NOTE: TES T  ALPHABETI C
% T E S T L E T R C f L V l )
% I F  4 G T S T . F Q . 0 , G O T O  2 0 7
7- n o t e : t e s t  HYPHEN
% I F  4 L W 1 . E Q . ' - ' , G 0 T 0  2 0 4
% NOTE: I N V A L I D  CHARACTER FO^ND
% D E P O S l T 0  4LW1%| NVALID%CHARACTER,%ONLY%A%TO%Z,%0%TO%9%AND%-%ALLOWE\
% C A L L C 0 P Y ( 5 4 , D )
% WRI TE
% NOTE:  S E T  ERROR I N D I C A T O R  ON
% # GNERR= 1
% NOTE:  UP DAT E  P O I N T E R  AND T E S T  FOR ENT) OF LOOP
% 2 0 6  P G I N P  = # G I N P + 1
% I F  # G I N P . G T . # G S T C , G 0 T 0  2 14
% GOTO 2 1 3
% NOTE: T E S T  FOR AT L E A S T  ONE ALPHA CHARACTER
%214 I F  f L A L P H . G T . 0 , G O T O  2 0 8
% NOTE: NO ALPHA CHARACTER P R E S E N T
% D E P O S l T 0  A T %L E AS T %ONE %AL P HABE T I C%CHARACT E R%MUS T %BE %I NC L U D E D X
% W R I T E  )
# G N E R R = 1 _ r - } : ; ...............
O%Z0 8 E X l f  ' — .....— ^
% NOTE:  MORE THAN PERMI TTED CHARACTERS IN NAME
%2 0 2  D E P O S I T #  MORE%THAN%#GLENG%CHARACTERS%lN%NAME\
% WRITE
% #GNERR=1
% GOTO 2 3 9
% NOTE:  BLANKS NOT ALLOWED
%2 0 3  D E P O S I T #  BLANKS%NOT%ALLOWED\
% WR1 TE
% #GNERR=1
% GOTO 2  10
% NOTE: F I R S T  CHARACTER HYPHEN OR Z
%204 D E P O S I T #  Z%OR%-%NOT%ALLOWED%AS%FIRST%CHARACTFR\
% WRI TE
% #GNERR=1
% GOTO 2 1 1
% NOTE:  LAST CHARACTER HYPHEN
%2 0 5  D E P O S I T #  -%NOT%ALLOWED%AS%LAST%CHARACTER\
% WRI TE
% f G N E R R = l
% GOTO 2 1 2
% NOTE: ADD 1 TO ALPHABETI C COUNT
%207  # L A L P H = * L A L P H + ]
% GOTO 2 0 4
% NOTE:  REQUEST TOP S E C U R I T Y  LEVEL PASSWORD
%300 D E P O S l T 0  PLEASE%TYPE%PASSWORD%FOR%TOP%SECHR| TY%LrwFL%FOR%FILF\  
% WRITE
% D E P O S I T #  f S 0 9 \
% 'JR I TE
% CALL 9 0 0 #
©
o













S E L E C T
W0 1 , 1 , B )
SEARCH CATALOGUE FOR F I L E  
# S 0 9  C O N T A I N S  F I L E N A M E  
* G P W 0 ]  C O N T A I N S  8  CHARACTER P ASSWORD 
# G F E R R  I S  F I L E N A M E  ERROR I N D I C A T O R  
4 G P E R R  I S  PASSWORD ERROR I N D I C A T O R  
# GREC I S  CATALOGUE RECORD P O I N T E R  
4 G F D C T  I S  F I E L D  COUNT FOR CURRENT F I L E  
# S 0  1 AND I N P U T  B U F F E R  US ED AS  WORK A R E A S  
# G F C T  I S  F I L E  COUNT
# 5 0 2  I S  F I L E N A M E  FROM CATALOGUE 
# L P W0  1 I S  F I L E  PAS S WORD FROM CATALOGUE 
CLEAR ERROR I N D I C A T O R S  
CATALOGUE
# G P E R R = 0
# G F E R R = 0
NOTE:  S E T  RECORD
# G R E C = 2
# L F C T = # G F C T
P O I N T E R  FOR F I R S T  F I L E
oo
% NOTE: TEST I F  ALL F I L E S  SEARCHED
%40 1 IF #LFCT.EQ.0,GOTO 402
% NOTE: READ FILENAME RECORD
% FREAD # G R E C , # S 0  1
% NOTE: EXTRACT FILENAME FROM # S 0 I
% V STR2 # S01 , 1 , ,
% NOTE: PLACE RECORD IN INPUT BEFFER
% READ #50 1
% NOTE:  u p d a t e  I NPUT BUF F ER POINTER
% #GlNP=#GCCT+2
% n o t e :  e x t r a c t  FIELD COUNT AND CONVERT TO BI N A R Y
% C A L L V S T R C # G F D C T , 0 , , )
% CALL CONVC# GF DCT , # GF DCT )
% NOTE: T ES T FOR REQUIRED F I L E
% IF # 5 0 9 . GT.#S02,GOTO 403
% IF #S09.LT.#S02,GOTO 402
% NOTE: UPDATE I NPUT B UF F E R POINTER
% #GINP = #GINP + #GCCT+1
% NOTE: EXTRACT TOP S E C U R I T Y  LEVEL PASSWORD
% C A L L F S T R C # L P W 0 1 , 0 , 8 )
% NOTE: T E S T  FOR V AL I D PASSWORD
% IF#LPW01 .EQ.AGPW01 , goto 301
% NOTE: SET INVALID PASSWORD INDICATOR
% #GPERR=1
% GOTO 30 1
% NOTE: ISSUE PROMPT AND READ REPLY




% NOTE: UPDATE FILE RECORD POINTER
7.403 #GREC=#GREC + #GFDCT+#GFDCT+3
7, IF #GSLVL.LE.A,GOTO z,0 4
% #GREC=#GREC+1
% NOTE: REDUCE F I L E  COUNT
%404 #LFCT=#LFCT-1
% GOTO 401
% NOTE: SET FILE NAME ERROR INDICATOR ON
%402 #GFERR=1
% NOTE:  CHAIN TO MACRO SPECIFIED BY USER O P T I O N
%$0 1 'CONTINUE
[ CHAIN0,LIB#GOPT]




















% 5 0 3






















% ' - 
%I00
L I B D E L E T E
n o t e : p r o c e s s  DELETE OP T I ON
DELETE F I L E  D E S C R I P T I O N  
#GREC I S  CATALOGUE F I L E  
#GFCT I S  CATALOGUE  
#GRCT I S  CATALOGUE 
#GFERR I S  FI LENAME  
#GPERR I S  PASSWORD 








n o t e :  # S 0  1 USED AS  
SELECT CATALOGUE 
NOTE:" T E S T  FI  LENAME 
I F  # G F E R R . E Q . 1 , G 0 T 0  
n o t e :  T E S T  PASSWORD  
I F  # G P E R R ^ N E . 0 , G O T O
FROM CATALOGUE 
RECORD P OI N T E R  
F I L E  COUNT 
RECORD COUNT 
ERROR I NDI CATOR SET  
ERROR I NDI CATOR SET 






F I L E  SET BY SEARCH
•ERROR I NDI CATOR /
5 0  1 ...........
ERROR I NDICÂTOR:
5 0 2 '  ...........  ...........
NOTE:  : # C D % C  1  S ' W r o F  R E C O R D S ' D E L E T E D l '
# LDREC= # GF DCT + # G F D C T + 3  * ............
I F  # GS L\ / L  . L E  . 4 ,  GOTO 5 0  3 
# L D R E C = # L D R E C +1
n o t e :  DELETE f LDREC RECORDS S TARTI NG AT #GREC  
# LV1=1
DELETE #GREC 
# L V 1 = # L V 1 + 1
I F  #L\ /1 . L E . # L D R E C ,  GOTO 5 0 6  
GOTO 5 0 5
NOTE: ERROR F I LENAME NOT IN CATALOGUE 
D E P O S I T #  #S09%IS%NOT%l N%THE%CATALOGUE\
WRITE 
GOTO 1 0 0
NOTE: PASSWORD ERROR
O E P O S I T 0  #GPW0 l %l S%N0 T%AN%ACCEPTA8 LE%PAS S W0 RD. %RE0 UE S T%CANCELLED. \
WR 1 TE
GOTO 1 0 0
NOTE:  REDUCE F I L E  COUNT RY: ! ?
# GF CT = # GF CT -  1 "  -
n o t e : REDUCE RECORD COUNT 
# G R C T = # G R C T - # L D R E C
NOTE:  AMEND CATALOGUE CONTROL RECORD
DATE
TIME
r e s e t  # S 0  1
R c p P f i l   ^ # G C A T P ,  # G S L V L ,  # G C D T ,  # G C T M ,  \HFI LACE 1, # S0 1
D E P ÿ . T 0  C A t A L O G U E 5 Î . I P D A T E 0 7 , O O T , f G C D T ^ A T T . y c t H V ^
" C O N T I N U E / .
CCHa I N 0 , i l l B P R E L l M ]
CLI BPRELI M3
%END







LI HADD  









E l  LE D E S C R I P T I O N  TO CATALOGNE  
# S 0 9  CONTAI NS  FI LENAME
eOPWOI I S  TOP S E C U R I T Y  LEVEL PASSWORD
#GREC P O I N T S  AT START OF F I L E  D E S C R I P T I O N
f ORCT I S  NO.  OF RECORDS IN CATALOGUE^
aOECT I S  NO.  OF F I L E S  I N CATALOGUE
*GFERR I S  f i l e n a m e  ERROR I NDI CATOR
TEST FOP F I L E  OF SAME NA'ME ALREADY IN CATALOGUE
c a t a l o g n e
I F  # G F E R R . E Q . l , G O T O  7 0 0  f
N O T E :  E f L E  NAME AL READŸ^ I N CATALOGUE
D E P O S I T #  T H E R E % | S 7 A L R E A D Y 7 A % F | L E % C A L L E D ? f S # 9 \
"JRI TE
n E ^ o S | T j  l N7THE%CATALOGOE\
WRITE
CONTI NUE
[ C H A I N # , L I H P R F L I M 1
C L ! A P P E L l M 1 
fîQTO 9 9 9
N OT E : REOUEST N O . OF E l E L D S  I N FI  LE- RECORD/
D E P O S l T #  PLEASE%TYPE?THE%NÙMBER90F%FrELDS%^N%A%RECORD%QF%F| LE\
JR I TE
NOTE:  READ AND VALIDATE F I E L D  COUNT
CALL 9 # # M
NOTE:  NOT MORE THAN A D I G I T S
SDIIASH
I F A?0 STQ . OT . /J J GOTO 7 0  1 
# G I N P = 1
CALLFSTRC #L' M , 0 ,  1 )
T E S T D I G T ( # L V l )
I E  a G T S T . ME. 0 , GOTO 7 01  
A G I NP=AG I NP+I
I F # G l N P . L E . # G S T C , G O T O  7 0 S  
#GQUP= 4GSTC  
C A L L F S T R C 4 G F L D S , 1 , 0 )
CALLCONV( a G F L D S , # G F L D S )
# G O U P = 1
I F # G F L D S . L T . 1 , G 0 T 0  7 01
n o t e : b u i l d  u p  F I L E  RECORD TYPE 1
RESET # S 0  1 '
D E P O S I T  1 4 S 0 9 , # G F L D S , \













































RECORD t y p e  1 
POI NTER
I N CATALOGUE
' ^ L S L V L = 2  
RESET 4 S 0 2  
D E P O S I T ?  #GPW0 1 , \
I F # L S L V L . G T . # G S L V L , G O T O  
I F # L S L V L . G T . 4 , G 0 T 0  7 0 3
D E P O S I T #  P L E A S E % T Y P E 7 T H E 7 P A S S W 0 R D 7 F 0 R 7 S E C U R I T Y % L E V E L 7 # L S L V L \
W R i T k
CALL 9 0 0 0
C A L L F S T R C 4 L V 1 , 1 , 8 )
IF ' , ' . I N . # L V | , G 0 T 0  7 0 2  
I F  # L V 1 . I N . # S 0 2 , G O T O  7 0 2  
DEPOSl  T2 #LV/ 1 , \
# L S L V L = 4 L S L WL + 1  
GOTO 7 0 4  
DEPOSl  T1 * S 0 2 \  
n o t e : "JR I TE FI  LE NAME 
I NS ERT # G R F C , # S 0 ]
NOTE: UPDATE RECORD
#GREC=;( fGREC+l ......
GOTO 4 0 2
NOTE:  I N V A L I D  NO.  OF F I E L D S
DEPOSI TO aOE Ln S 7 I N V a L I D 7  NO. 7 0 F 7 F  j E L D S \
WRITE
GOTO 7 0 0
N O T E :  D U P L I CAT E  PA SSWQRD
DEPOSl  T0  ^LV 1 7 I NVAL I D 7 0 R 7 D U P L I  C ATE^. P A SSWQ R0 \
' . fPl TE  
GOTO 7 0 0
NOTE:  t e s t  e q p  MORE THAN # SECURI TY LEVELS  
IF 4 G S L V L . L E . 4 , G O T O  4 0 3
GOTO 8 0  3
NOTE: D U P L I C A T E  PASSWORD
D E P O S l T 0  # L V 1 7 I N V A L I D 7 0 R 7 D U P L I C A T E 7 P A S S W 0 R D \
UJR I TE 
GOTO 8 0  3
NOTE:  REQUEST PASSWORDS FOR RECORD TYPE 1C 
RESET # S 0 2
IF ^ L S L V L . G T . # G S L V L , G 0 T 0  8 0 2
D E P O S l T 0  P L E A S E 7 T Y P E 7 P A S S W 0 R D 7 F 0 R 7 S E C U R I T Y 7 L E V E L 7 # L S L V L \  
WRITE  
CALL 9 0 0 0
C A L L F S T R C # L V 1 ,  1 , 8 )
I F  • , • . I N . # L V 1 , G O T O  8 0 1  
I F # L V ! . I N . # S 0 1 , GOTO 8 0 1  
I F f L V l . l N . # S 0 2 , G O T O  8 0 1
D E P O S I T ?  # L V 1 , \
^ L S L V L = # L S L V L + 1  __
y
7
7 8 0 ?
7
7 4 0 3
GOTO 803
NOTE: WRI TE F I LENAME RECORD TYPE 1C IN CATALOGUE
I N S E R T  4 G R E C , # S 0 2
NOTE:  UPDATE RECORD POI NT E R
# G R E C = # G R E C + 1
NOTE: READ AND P R O C E S S  FI LENAME RECORD TYPE 2
















C A L L C O P Y C S 7 , E )
'v/R I TE 
CALL 9 0 0 0  
WR I TE 4 S 0 I  
I NS ERT # G R E C , # S 0  1 
# GREC=4 GREC+1  
NOTE: P ROCES S  Fl LENAMF
RESET # S # 1
NOTE: R E o n r s T  E l  LE MEDI uv]
DEPOSl  T:/, 0 N7"M I CH 7 S T 0 R A G E 7  1EDI ?IM7 I S7THI  S 7 E I  LE? \  
■ujp 1 T E  
DEPOSIT0
i-7R I TE 
DEPQSIT#
WR 1 TE
D E P O S l T 0  
.;r 1 TE
n o t e : READ AND VALI DATE PI  
CALL 9 0 0 0
S Q U A S H
I F  # G S T C . G T . 2 , G 0 T 0  9 12
C A L L E  S T R ( ü O M E D , 1 , 2 )
9 0  1 
9 0  1 
9 0 1 
9 0 1
C R 7 F 0 R 7 P U N C H E D 7 C A R D S . % P T 7 E 0 R 7 P A P E R 7 T A P E \
E D 7 E O R * E X C H A N G E A B L E 7 D I S C 7 S T 0 R E \
MEDI U ’fj
E D. * MT *  .GOTO 
E Q . ' C R ' , G O T O  
E O . ' P T ' , G O T O  
E D . ’ E D ' , GOTO
IE AGMED 
I F *GMEO 
I F #GMED 
IF 4GMED 
D E P O S I T #  
i jp 1 TE 
GOTO 9 0  0
NOTE:  SA\ /E F I L E  MEDI
D E P O S I T )  A G M E D , \
NOTE: REQUEST AND V A L I D A T E  B L O C K S I Z E
NOTE: WHICH MUST BE UP TO a D I G I T S  WITH \ /ALUE < OR = 2 0 4 8  
D E P O S I T #  P L E A S E 7 E N T E R 7 B L 0 C K S I Z E \
WRITE  
CALL 9 0 0 0  
SQUASH
I N\ /AL! D7 F I  LE7MED I UM . 7 P L E A S E 7 R E T Y P E ‘?. r e s p o n s e . \
IM






















7 9 0 3
7
7








7 9 0 2
% 906




CALLFSTRC # L V 1 , 0 , 1 )
TFSTOi  GTC # L V 1 )
I F  # G T S T . N E . 0 , G O T O  
# G I N P = # G I N P + 1 
I F  # G l N P . L E . # G S T C , G O T O  
CALLFSTRC # G R L K , 1 , 0 )
#G0 UP=1
CALLCOMVC #GBL.K,  #GRLK)
IF # G R L K . L T . 1 , G Q T 0  9 0 2  
IF f G R L K . G T . 2 0 4 8 , GOTO 
NOTE: SAVE RLÛCK S I Z E  
D E P O S l T l  4 G R L X , \
NOTE: REQUEST A N D _ V A L l D A T E  MAXIMUM' RECORD S I Z E  
DEPOSl  T(a P L E A S E 7 T Y P E 7 MA X I  MUM 7 NO . 7 0 F 7  CHARACTER S7 I N 7 A 7  PECO R D \  
:JR I TE 
CALL 9 0 0 0  
SQUASH 
AG I N P = 1
C A L L F S T R C f L V 1 , 0 , 1 )
T E S T D I G T C 4 L V 1 )
I F d G T S T . N F . 0 , G O T n  9 0 4  
A 3  I N P  = A 3 I  M P + 1
I F A3 I N P . L E . AGSTC, GOTO 9 /IS 
AGOUp=AGSTC
C A L L F S T R C A O R G Z , 1 , 4 )
AGOUP=1
CALLCONVCAGRS Z , a o RGZ )
IF A G R S Z . L T . 1 , G 0 T 0  9 0 4  
IF A G R S Z . G T . A G R L K , G O T O  9 0 4  
NOTE:  SAVE RECORD S I Z E  
D E P O S I T !  _ ÿ O R S Z , \
NOTE: REQUEST e j LE LABEL
I F # GMED. I M . • EDMT’ , GO TO 9 0 7  
n o t e : NULL LAh EL ETC 
D E P O S I T ]  , S , , , \
GOTO 1 0 0 8
NOTE: i n v a l i d  B L O C K S ! Z E  
D E P O S I T #  I NVALI D7:BL0CKSI  Z E \
WRI T E -  
GOTO 9 0 4
NOTE:  I N V A L ID RECORD S I Z E
D E P O S I T #  I N V A L I D % R E C 0 R D % S I Z E \
WRITE  
GOTO 9 0 3
D E P O S l T 0  P L E A S E 7 T Y P E 7 T HE 7 F I L E %L A R E L %WHI C H7 MA Y 7 R E %U P 7 T 0 7  1 2 \
D E P O S l T O  CH4RACTERS%LONG. %EXCES5%CHARACTEPS%WILL%HE%IGNOREO. \
o
o
WR I TE 
CALL 9 0 0 0  
WRITE # 5 0 3  
F S T R 2  # 5 0 3 , 1 , 1 2  
NOTE: 5AWE LABEL  
DEROSI TI  # 5 0 2 , \
NOTE: T E 5 T  p'OR HI 5 0  F I L E  
IF # O W E D . N E . ’ E W , G O T O  1 0 0 4  
NOTE: REQOE5T A C C E 5 5  MODE
OEPOS 1 T0  PLEA5E%TYPE%ACCE5S%400E%CnOE. %5%FO RESEQUENT I A L \  
CALLCOPYC 4 7 , 7 R ? F O R ? R A N O O M)
WRITE 
CALL 9 0 0  0 
S 0 0 A 5 R
[ V  # 0  5 T C . G T . 1 ^GQTO 10 13  
C A L L F S T R C # G Y O n E , 1 , 1 )
1E # GWOOF. I N . • 5R * , GOTO 1 0 0  1 
0 E P 0 5 1  T0  I N\ /ALI 0 %ACCE5 5 %M0 DE\
■ÎR1TE 
GOTO 1 0 0 0
NOTE: T ES T FOR PANOO0 A C C E S 5 
I r  # G 0 O O E . E O . ' R ' , G O T Q  1 0 0 2  
0 E P 0 5 I T 1  5 , , , \
GOTO 10 0 8
NOTE: REQUEST O R G A N I S A T I O N  WETHOO
OE P O S I T 0  P L E A S E ^ T Y P E ^ O l  5C%0RGAN|  SA.T I Q NYCOOE . %0%P0 R^O I REC^X 
C A L L C 0 P Y ( 4 9 j % I ? F O R ? I N O E X E O )
WRITE
CALL 9 0 0 0  ^
SOMA SB
IF # G 5 T C . G T . 1 , G 0 T 0  10 14
CALLFSTRC #GORG,  1 , 1 )
IF #GORG. I N .* 01 ’ , GOTO 1 0 0 4  
DEPOSl  T0 INWALIOSORGANI SATI ONX  
WRITE 
GOTO 1 0 0 3
% NOTE: REQUEST SYMBOLIC KEY LENGTH
% 1 0 0 4  D E P O S I T #  P L E A S E % T Y P E % L E N G T H % Q F % S Y M B O L I C % K E Y \
WRITE  
C A L L 9 0 0 0  
SQUASH 
# G I N P = 1
CALLFS TRC# LU 1 , 0 ,  1 )
T E S T D I G T C ^ L W l )


























% 1 0 0 7
%
%
%1 0 0 9
%
% 1 0 0  5
i;r': ' _
-  :




% # r ; i N P  = # G l  NP+ I
% I F  # G I N P . L E . # G S T C , G O T O  1 0 0 9
% # G O n p = # G S T C
% C A L L F S T R C # G L S K , 1 , 0 )
% #GOIIP= I
% CALLCONVK # G L S K , # G L S K )
% I F  # G L S K . L T . 1 ,GOTO 1 0 0 5
1  IF # G L S K . G T . 4 4 , G 0 T n  1 0 0 5
% NOTE: SAUF MODE,  O R G A N I S A T I O N  AND KEY LENGTH
% DEPOSI T!  R , # G M O D E , # G O R G , # G L S K , \
% GOTO 10 0 8
% NOTE: I N U A L I D KEY LENGTH
% 1 0 0 5  D E P O S I T #  KEY%LENGTH%MUST%BE%IN%THE%RANGE%1%T0%44\
% WRI TE
% GOTO 1 0 0  7
7, NOTE: r e q u e s t  NO. OF KEY F I E L D S
7 1 0 0 8  D E P O S I T #  P L E A S E 7 T Y P E 7 N 0 . 7 0 F 7 S E Q U E N C E ^ K E Y 7 F I E L O S \
% W R I T E
7 1 0  11 CALL 9 0 0 0  
% SQUASH
7 I F # G S T C . G T . 1 , G 0 T Q  1 0 7 4
7 CALLF S TRC# G N K E Y , 1 , 1 )
7 TES TDI GTC# GNKEY)
7 IF # G T S T . M E . 0 , G O T O  1 0 ? 4
7 CALLCONUC#GNKEY, *GNKEY)
7 I F  # G N K E Y . G T . 0 , G O T O  1 0 1 0
7 n o t e : 1NUALID NO. OF KEYS
7 1 0 2 4  DEPOS I T 0  NO. 70F7KEYS7  N N S T 0 P E 7 I N 7 T H E 7 R A N G E 7 17TQ%Y\
7  WRI TE
7 GOTO 10 11
7 NOTE: SAUE NO. OF KEYS
7 1 0  10 DEPOSI T!  # G N K E Y , \
% NOTE: WRITE F I L E  RECORD TYPE 3 TO CATALOGUE
% I NSERT # G R E C , # S 0  1
% NOTE: UPDATE CATALOGUE RECORD COUNT
% #GREC=# GREC+1
% NOTE:  SET UP F I E L D  KEY CHECK L I S T  IN # S 0 7
% RESET # S 0 7
% #LV1 = 0
7 1 0  12  D E P O S I T ?  # L U 1 \
% # LV 1 = # LU 1 + 1
7  I F  # L U 1 . L E . # G N K E Y , G 0 T 0  10 12
% RESET # S 0 6
7  F  { FLD DES CRI  PT 10  N RECORDS?
TO START OF F I E L D  D E S C R I P T I O N  RECORDS  
7 #LRCST=#GREC j
% NOTE: INTRODUCTORY MESSAGE
iÿ" : ■ ' '■
;
\ \ \ '  ' ' . if.  . "' '  ^ ! A /  . ' ' %  /  --
O
o
fP*   DEPOSl  T0 Yo'î 17 A R E7 A B Ô'ilT% TO 7 9  E% A S K ED7 FO R%OETA I LS%OF%F I ELDS7W ! TK 1 N%\
% CALLCOPYC5 6 , A 7 R E C 0 R D )
% WRITE
% D E P O S I T #  WKE R E 7 P 0 S S I 8 L E %P L E A S E %E N T E R %F I E L D %N A ME S %I N 7 A S C E N D I N G\
% CALLCOPYC5 3 , %S T ART %P OS I T I ON)
% WR I T E
7 D E P O S I T #  A S 7 T K I S 7 M A K E S 7 F 0 R % M O R E 7 F R F | C 1 E N T 7 P R O C E S S 1 N G \
% WRITE
% NOTE:  I N I T I A L I S E  F I E L D  COUNT
# # L F L D S = I
7 NOTE:  SET V A L I D  NAME LENGTH TO 14
% # GL E NG= 1 4
% NOTE: REQUEST AND V A L I D A T E  F I E L D  NAME
7 1 1 0  1 D E P O S I T #  P L E A S E 7 T Y P E 7 T H E 7 N A M E 7 0 F % F | E L D 7 N 0 . % # L F L D S \
% 'VR I TE
% 1 1 # 2  CALL 9 0 0 #
7 CALL 2 0 0
7 IF # G N E R R . E Q . # , G O T O  1 1 0 3
7 NOTE: I N V A L I D  F I E L D  NAME
7 D E P O S l T #  1N U A L I D 7 F I E L D 7 N A M E . 7 R E A S 0 N 7 S P E C I  F I E D 7 A B 0 U E . \
7 :'/R I TE
7 GOTO 1 1 0 2
7 n o t e : SAUE F I ELD NAME AND CHECK FOR D U P L I CAT E  NAME
7 1 1 0 3  WRITE # S 0  1
7 NOTE: # S 0  1 I S  F I E L D  NAME FOR '-/HlCH SCAN 1 S t q  BE MADE
7 . NOTE: # L R C S T  | s  RECORD P O I N T E R  TO START OF F I E L D  RECORDS
7 NOTE: # L F L D S  I S  CURRENT F I E L D  NO.
7 NOTE: # L F L D  I S  NO.  OF F I E L D  TO BE SCANNED
7 NOTE: I N I T I A L I S E  F I E L D  COUNTER
7 #LFLD= 1
7 # L R E C = # L R C S T
7 IF # L F L D S . L E . 1 , GOTO 1 1 # 6
% NOTE: READ F I E L D  NAME RECORD
7 1 1 0 4  FREAD # L R E C , # S 0 2  
% I F  # S 0 1 . A T . # S 0 2 , G O T O  1 1 0 5
7 # L R E C = f L R E C + 2
7 # L F L D = # L F L D + 1
7 I F  # L F L D . L T . # L F L D S , G O T O  1 1 0 4
7 NOTE: REQUEST S E C U R I T Y  LEUEL FOR CURRENT F I E L D
7 1 1 0 6  D E P O S I T #  W M I C H 7 S E C U R I T Y 7 L E U E L 7 D O 7 Y O U 7 W I S H % T O % A S S I G N 7 T O 7 # S 0  1 ? \
% WR I T E
7 D E P O S l T 0  P L E A S E 7 T Y P E 7 A 7 N U M B E R 7 I N 7 T H E 7 R A N G E 7 17 T 0 7 # G S L U L . 7 \
7 CALLCOPYC4 4 , 1 =HI GHES T%l E V e l )
% WRI TE




■ Y ; .
4 % ? :"  ;  . '  \  . .
o
o
' - '« .w W  fï . . .  *j STAlJ^'jV V -ijK  vt
‘ %' ■ N O T E  :' R'EÂD^'7\ND VAL f D A T E  ' ‘S E C O R  I T Y  L E V E L  
% 1 1 0 7  CALL 9 0 0 0  
% WRITE Y S 0 3 
% I F  1 N . / / S 0 3 , G O T O  1 1 0 0
7 I F  # 5 0 3 . I N . # 3 0 8 , GOTO 1 1 0 8
7 NOTE: I NVAL I O S E C U R I T Y  LEVEL
7 1 1 0 0  D E P O S I T #  # S 0 3 7 I S 7 A N 7 1 N V A L I D 7 S E C U R 1 T Y 7 L E V E L \
7 WRITE
7 GOTO 1 1 0 7
7 NOTE: D U P L I C A T E  NAME
71 10 S D E P O S I T #  D U P L I C A T E 7 N A M E \
7 WRITE
7 GOTO 1 1 0 2
7 NOTE:  SAVE S E C U R I T Y  LEVEL
7 1 1 0 8  D E P O S l T 1  , # S 0 3 , \
7 NOTE: REQUEST F I E L D  START P O S I T I O N
7 D E P O S l T 0  1 N 7 W H I C K 7 C H A R A C T E R 7 P O S I T 10 N 7 D 0 E S 7 T H E 7 F I E L D 7 S T A R T ? \
7 WRITE
% DEPOSlT0 17 IS7THE7FIRST7CHARACTER7P0SITl0N7IN7THF7REC0RD\
7 WRITE
7 NOTE:  READ AND V ALI DATE START P O S I T I O N
7 1 1 1 1  CALL 9 0 0 0  
7 SQUASH
7 # G I N P = 1
7 1 1 0 9  C A L L F S T R ( # L V l , # , i )
7 T E S T D I G T ( * L V 1 )
7 I F  # G T S T . N E . 0 , G O T O  1 1 1 0
7 # G I N P = # G I N P + 1
7 I F  # G I N P . L E . # G S T C , G O T O  1 1 0 9
7 # GOUP=#GSTC
7 C A L L F S T R C f L V l , 1 , 0 )
7 # G O U P = 1
7 C A L L C 0 N V C # L V 1 , * L V 1 )
7 I F # L V 1 . L T . 1 , GOTO 1 1 1 #
7 I F  # L V 1 . G T . ^ g RS Z , GOT O 1 1 1 0
7 NOTE: SAVE START POSITION
7 DEPOSIT! # L V 1 , \
% NOTE:  R E Q U E S T  F I E L D  LENGTH
% DEPOSIT# H0W7MANY%CHARACTER7P0SITI0NS7D0ES7THE%FIELD70CCUPY?\
% WRITE
% NOT E :  READ AND V A L I D A T E  F I E L D  S I Z E
7 1 1 1 4  CALL 9 0 0 0  ■
% SQUASH
% #GOUP=#GSTC
% # G I N P = 1
7 1 1 1 3  C A L L F S T R C # L V 2 , 0 , 1)
7 T E S T D I G T C # L V 2 )
■Y - ■
. . . . .
A : ;  - "1 .
' ":/ ■

















I F  # G T S T , N E . 0 , G O T O  i l  T?
# G I NP=#GINP+1
I F # G 1 N P . L E . # G S T C , G O T O  1 1 1 3  
C A L L F S T R ( # L V 2 , 1 , 0 )
# G0 U P = 1
CALLCONVC # L W 2 , # L V 2 )
I F  # L W 2 . L T . 1 , GOTO 1 1 1 2  
I F  # L W 2 . G T . 1 2 0 , GOTO 1 1 1 2  
# L V 3 = # L V l + # L W 2 - l  
I F # L V 3  . G T . # G R S Z , G 0 T 0  1 1 1 2  
NOTE:  SAVE F I E L D  LENGTH 
DEPOSIT! # L V 2 , \
NOTE: READ AND V A L I D A T E  F I E L D  TYPE




7 1 1 1 5  SQUASH
% I F  #GSTC.NE.1,G0T0 1 1 1 6
7  C AL L F S T RC# L V|  ,  1 ^ 1 )
7 I F  # L V 1 . I N . ' A N ' , G 0 T 0  1 2 0 0
7 NOTE: I N VAL I D F I E L D  TYPE
7 1 1 1 6  D E P O S I T #  # L V 1 % I N V A L I D , 7 0 N L Y 7 A 7 0 R 7 N 7 V A L I D \
7 WRI TE
7 GOTO 1 1 1 5
7 NOTE: I N V A L I D  START P O S I T I O N
7 1 1 1 0  D E P O S I T #  S T A R T %P O S I T I O N 7 MU S T %B E 7 G R E A T E R 7 T H A N 7 0 7 A N D 7 L F S S %T H A N \
7  ’-7RITE '
7 D E P O S I T #  OR7EQUAL%To%4GRSZ\
7 WRI TE
7 GOTO n i l
7 NOTE: i n v a l i d  F I E L D  LENGTH
71 1 12 D E P O S I T #  F I E L D 7 L E N G T H 7 M U S T 7 B E 7 G R E A T E R 7 T H A N 7 # , % L F S S 7 T H A N 7 1 2 1 \
7 WRI TE
7 D E P O S l T 0  AND7 S UCH7 THAT7 F 1  E L D 7 D 0 E S 7 N 0 T 7 0 V E R F L 0 W 7 T H E 7 E N D 7 0 F 7 R E C 0 R D \
7 WRITE
7  GOTO 1 1 1 4
7  NOTE:  TEST FIELD TYPE
7 1 2 0 0  I F # L V 1 . E Q . ' A * , GOTO 120 1
7  NOTE:  REQUEST DECIMAL P O I N T  LOCATI ON OF NUMERIC F I E L D
7 DEPOSlT# P L E A S E 7 T Y P E 7 T H E 7 P 0 S I T l 0 N 7 0 F 7 T H E 7 D E C I M A L 7 P 0 I N T \
% WRI TE .
7 DEPOSIT# RELATIVE7T07THE7RIGHTHAND7CHARACTER70F%THE7FIFLD\
7  WRI TE
7  D E P O S I T #  T Y P E % L 7 F 0 R 7 L E F T 7 0 R 7 R 7 F 0 R 7 R I G H T 7 F 0 L L 0 W E D 7 B Y 7 A N 7 U N S I G N E D 7 \
. . - -
Y:'- - ; ' ■ ■
 L__










7 1 2 0 3
7 1 2 0 4







7 1 2 0 ]
7













7 1 2 0 7
7
7
7 1 2 2  1
7
CALLCOPYC 5 6 , I NTEGER)
WR I TE 
CALL 9 0 0 0  
SQUASH
CALLFSTRC #L\M , 1 , 1 )
I F  # L \ / 1 . I N.  • LR • ,  GOTO 1 2 0 4
NOTE: I N V A L I D  DECIMAL P O I N T  LOCATI ON
DEPOS I T0  I NA'AL I D7DEC I MAL 7 P 0  I NT7L0CA. T j 0 N \
WR I TE 
GOTO 1 2 0 2  
# G I N P = 2
C A L L F S T R C ^ L V ] , 0 , 1 )
T E S T D I G T C # L V ] )
I F  # G T S T . N E . 0 , G O T O  1 2 0 3  
# G I M P = # G I N P + 1
I F  # G l N P . L E . # G S T C , G O T O  1 2 0 5  
4 G 0 U P = # G S T C - 1 
C A L L F S T R C # L V ] , 2 , 0 )  - 
CALLCONVC#L'M , # L V 1)
IF # L V 1 . G T . 9 9 , G 0 T 0  1 2 0 3
# GOUP = # GS TC
C A L L F S T R C * L V 1 , 1 , 0 )
#GOI.fp= 1
NOTE: STORE P OI N T  LOCATI ON  
D E P O S I T !  N , # L V 1 , \
GOTO 1 2 0 6
NOTE: STORE F I E L D  TYPE FOR ALPHANUMERIC ^ YP E  
D E P O S I T ]  A , , \
NOTE: REQUEST KEY F I E L D  I NDI CATOR
D E P O S I T #  P L E A S E 7 T Y P F 7 F I  E L D 7 K E Y 7 N 0 . 7 I  N7THF' %RANGFv0%TO79\
■#R I TE
D F P q s I T0 0  7 D E N 0  T E S 7 A 7 N 0  N -  K E Y 7 F I ELD,  7 ] 7 D F N 0 T E S 7 T H E 7 M A J 0 R 7 . ' < F Y \
'JR 1 TE
CALL 9 0 0 0
WRITE # S 0 2
SQUASH
I F  P G S T C . G T . 1 , G 0 T 0  1 2 0 8  
I F * S 0 2 . I N . # S 0 7 , G O T O  1 2 0 7
D E P O S l T 0  I N V A L I D 7 K E Y 7 I N D I C A T 0 R 7 0 R 7 F I E L D 7 N 0 T 7 0 F 7 L 0 W E S T 7 S E C U R I \  
C A L L C 0 P Y C 5 2 , T Y % L E V E L )
WRITE  
GOTO 1 2 0 9
I F  # S 0 2 . l N . f S O 6 , G O T O  1 2 0 8  
I F  f S 0 2 . E Q . ' 0 ' , G O T O  1 2 2  1 
D E P O S l T 6  # 5 0 2 , \
D E P O S I T !  # S 0 2 , \
1^ / 5 0 2 . E O . ' # '  ,  GOTO 12 1 0 ____________ ________________________
\o
o
% NOTE: REQUEST AND ENTER SEQUENCE CODE
% D E P O S I T #  P L E A S E % l N D I C A T E % S E Q U E N C E % O R D E R . % T Y P E % A % F O R % A S C E N D l N G % O R \
% W R I T E
% D E P O S I T #  D%F0 R%DESCENDI NG\
% W R I T E
% 1 2 I 2  CALL 9 # # #
% SQUASH
% I F  # G S T C . N E . 1 , G 0 T 0  12  11
7 C A L L F S T R C # L V 1  ,  1 ,  1 )
7 I F  #LV/ 1 . 1 M. • AD* ,  GOTO 12 13
7 NOTE:  ! N \ / A L ! D  S E QUE NCE  I N DI CAT OR
7 1 2  11 D E P O S I T #  I N V A L I D 7 S E Q U F N C E 7 I N D I C A T O R Y  
7 WR I T E
7 GOTO 1 2 1 2
7 NOTE:  SAVE SEQUENCE I NDI CATOR
7 1 2  13  D E P O S l T l  # L V 1 , \
7  NOTE: TES T FOR NON-MAJOR KEY
7 I F  # S # 2 . E Q . ' 1 ' , G 0 T 0  1 2 1 4
7 NOTE: DOES NON-MAJOR KEY FORM A DOMAIN
7 1 2 3 #  D E P O S I T #  C A N 7 F l E L D 7 R E 7 T R E A T E D 7 A S 7 A % D 0 M A l N ? . 7 T Y P E 7 Y 7 F 0 R 7 Y E S 7 0 R 7 N % \
7 C A L L C O P Y C 5 6 , F 0 R 7 N 0 )
7 WR I T E
7 1 2  16 CALL 9 # # #
7 SQUASH
7 I F  * G S T C . N E . 1 , G 0 T 0  12 15
7 C A L L F S T R C # L V 1 , 1 , 1 )
7 I F #  L V 1 . I N . • Y N ’ , GOTO 1 2 1 7
7 NOTE:  I N V A L I D  DOMAIN I N D I C A T I O N
7 1 2  1 5  D E P O S I T #  I N V A L I D 7 D 0 M A I N 7 | N D I C A T I 0 N \
7 W R I T E
7 GOTO 12 16
7 NOTE:  DUMMY SEQUENCE
7 1 2  1# D E P O S l T l  , \
% GOTO 1 2 3 #
% NOTE:  DUMMY DOMAIN I NDI CATOR
7 1 2  14 D E P O S I T !  , \
% GOTO 12 18
% NOTE: SAVE DOMAIN I NDI CATOR
7 1 2 1 7  D E P O S I T !  # L V 1 , \
7  NOTE:  WRI TE F I E L D  D E S C R I P T I O N  RECORD TYPE 1
7 1 2  18 I NS ERT # G R E C , # S # 1  
% NOTE: UPDATE RECORD P O I N T E R
7 f G R E C = # G R E C + l
7 NOTE: REQUEST F I E L D  D E S C R I P T I O N
D E P O S l T 0  P L E A S E 7 T Y P E 7 U P 7 T 0 7 7 # 7 C H A R A C T E R S 7 Q F 7 D E S C R I PTI ON%ABOUT%THE\
i i n y
O
o
% CALLCOPYC5 7 J%F1ELD)
% WR1TE
% CALL 9 0 0 0
% WRITE ^ S0 1
% I N S E R T  # C R E C , # S 0  1
% # C R E C = # C R E C + ]
% NOTE:  UPDATE CURRENT F I E L D  NO.
% # L F L D S = * L F L D S + 1
% NOTE: DECREASE F I E L D  COUNT
% #GFLDS=#CFLDS-l
% IF # G F L D S . C T . 0 , G O T O  1 1 0  1
%- NOTE:  CHECK THAT ALL KEYS  HAVE BEEN ALLOCATED^
%  # L v  i'= r  '       -
%12 19 RESET 4 S 0  1 
% DEPOSlTl  #LWl \
% I F  # S 0  1 . I N . # S 0 6 , G O T O  1 2 2 0
% NOTE:  NOT ALL KEYS ALLOCATED
% D E P O S l T 0  NOT%ALL%KEYS%HAVE%BEEN%ALLOCATED. REQUEST%TERMl NATED\
% w r i t e
% NOTE:  DELETE DESCRIPTION
% # L V l = # G S L V L / 5
% # L V 2 = # L F L D S - 1 * 2
% f L R E C = # L V l + # L V 2 + 3
% # G R E C = # G R E C - # L R E C
%123 1 DELETE #GREC 
% f L R E C = f L R E C - l
% I F  # L R E C . G T . 0 , G O T O  1 2 3  1
% GOTO 1 0 0
% 1 2 2 0  * L V 1 = # L W 1 + 1
% I F  * L V 1 . L E . # G N K E Y , G 0 T 0  12 19
% NOTE: UPDATE CATALOGUE F I L E  COUNT AND RECORD COUNT
* Gr c T  = 4GFCT+l 
% * L V l = # G S L V L / 5
% 4 L . w ? = * L F L D S - l * 2
% * G R C T = * G R C T + 4 L V l + 2 L W 2 + 3
% DATE
% T l ^ E
% RESET * S 0  1
% D E P O S l T l  # G F C T , # G R C T , # G C A T P , * G S L V L , # G C D T , # G C T M , \
% REPLACE 1 , # S 0  1
X :  : E' DEPOSj : T0  :-CATALOGUE
 ^ WRI TE '  ............ .................. ........................... ................
% GOTO 1 0 0
% ■ NOTE:  V ALI DATE NAME S T R I N G  S T A R T I N G  I N 1ST P O S I T I O N  OF INPUT BUFF























NOTE: CLEAR ERROR I NDI CATOR  
#GNERR=0
NOTE: TEMPORARILY SAVE CONTENTS OF I NPUT BUFFER  
WR I TE
NOTE:  CHECK NO.  OF CHARACTERS KEYED 
SQUASH
I F  # G S T C . G T . # G L E N G , G O T O  2 0 2  
NOTE: CHECK FOR IMBEDDED BLANKS  
WRITE # S 0 2
I F  f S 0  1 . N E . # S 0 2 , G O T O  2 0 3
NOTE: CHECK F I R S T  CHARACTER FOR HYPHEN OR Z 
C A L L F S T R ( # L V 1 , 1 , 1 )
I F  # L V | . I N . ' Z - ' , G 0 T 0  2 0 ^
NOTE:  CHECK LAST CHARACTER FOR HYPHEN
# G I N P = # G S T C
CALLFSTRC # L V 1 , 0 , 1 )
I F  # L V 1 . E Q . ' - ' , G 0 T 0  2 0 S
NOTE:  SET UP LOOP TO CHECK FOR A L P H A B E T I C ,  NUMERIC AND HYPHEN ONL^
o
%2 12 2 G l N P = l
% NOTE:  Z E R O I S E  COUNT OF ALPHA CHARACTERS
% # L A L P H = 0  ■
% NOTE: e x t r a c t  NEXT CHARACTER
%2 1 3  C A L L F S T R C f L V ] , 0 , 1 )
% NOTE:  T E S T D I G T C 4 L V ! )
% I F  * G T S T . E Q . 0 , G O T O  2 0 6
% NOTE:  T E S T  A L P H A B E T I C
% T E S T L E T R C ^ L V i )
% I F  # G T S T . E Q . 0 , G O T O  2 0 7
% n o t e : t e s t  r o R  HYPHEN
% I F  # L V 1 . E Q . ' - ' , G 0 T 0  2 0  4
% N O T E :  I N V A L I D  CHARACTER FOUND
% D E P O S I T #  e L V l % l N V A L I D % C H A R A C T E R , % O N L Y % A % T O % Z , % 0 % T O % 9 % A N D % - % A L L O W E
% C A L L C O P Y C 5 4 , D)
% (VR I TE
% N O T E :  S E T  ERROR I N D I C A T O R  ON
% #GNERR=1
% NOT E :  U P D A T E  P O I N T E R  AND T E S T  F OR  END OF LOOP
% 2 0 6  # G I N P = # G I N P + 1
% I F  # G l N P . G T . # G S T C , G O T O  2  14
% GOTO 2 1 3
% N O T E :  T E S T  FOR AT L EAS T ONE ALPHA CHARACTER
% 2 1 4  I F  # L A L P H . G T . 0 , G O T O  2 0  8
% NOTE:  NO ALPHA CHAR AC T E R  CHAR AC T E R  P R E S E N T
% D E P O S I T #  A T % L E A S T % O N E % A L P H A B E T l C % C H A R A C T E R % M U S T % B E % l N C L U D E D \
% WRITE______________________________________________________________________________ ___________________
\


































NOTE: MORE THAN P ERMI TTED CHARACTERS IN NAME 
DEPOSIT# MORE%THAN%fGLENG%CHARACTERS%lN%NAME\
WR 1 TE 
* G N E R R = 1 
GOTO 2 0 9
NOTE:  BLANKS NOT ALLOWED 
D E P O S I T #  BLANKS%NOT%ALLOWED\
WR I TE 
* G N E R R = Î 
GOTO 2  10
NOTE:  F I R S T  CHARACTER HYPHEN OR Z
D E P O S I T #  Z%OR%HYPHEN%NOT%ALLOWED%AS%riRST%CHARACTFR\  
WR 1 TE 
PGNERR=1  
GOTO 2 1 1
NOTE:  LAST CHARACTER HYPHEN
D E P O S l T 0  HYPHEN%NOT?ALLOWED%AS%LAST%CHARACTER\
- m  I TE 
*GNERR=1
GOTO 2  12
NOTE:  ADD 1 TO ALPHABETI C COUNT
f L A L P H = f L A L P H + l
GOTO 2 0 6
NOTE: I S S U E  PROMPT AND READ REPLY
D E P O S l T 0  : \





1 7 . D I AL 1 AND STAGE1 S UBF I LE S  
s t a t f :  1 -  I m t r o o i i c t  1 ON
T H I S  srSTTiV)  I S  A S F L T - T F A C H I  NO CQHOL P R O O R A 1 O E N E R A T t l P .
MY ' ASaMS o f  a  OOF ST I n o  ANO A NS'VpR O I AL O G O F  THE SYSTEM '>0 LL EN AH LE f  0 0  TO 
q P S C l F Y  HOTH YOOR PP0HLE' ' 1  ANO THE OATA TO HE I ' S E O .  THE S YS TE N A ' I LL THEN 
GENERATE A COHOL PROGRAY t q  p p r o O n E  YOU I T p  Y 0  0  R A NS WE RS .
I F AT ANY T I Y E  O ' l R l N G  TH E n l A L O G O F  Y o n  i-O SH TO CHANGE YOOR Y I NO A HO " T  AN
e a r l i e r  O E C I S I O N  o r  R E O O I R E  a s s i s t a n c e  P L E A S E  T Y P E  ZHE L P .  SHOOLO YOO 
'-M SH TO ABANOON THE S E S S I O N  P L E A S E  T Y P E  CT RL  A I N S T E A O .
I n  YANY i n s t a n c e s  t h e  S YS T E Y  o f f e r s  y o o  a  O EF AO LT r e s p o n s e  t o  a  
O O E S T I O N .  TO t a k e  AO\ ' ANTAGE OF  T H I S  O P T I O N  YOO MERELY P R E S S  THE A CCEP T 
KEY ON YOOR T E R MI N A L  KEYBOARD.
THE S YSTEY TAKES A R E L A T I O N A L  O j E'.'' OF THE D A T A B A S E .
t h e  d a t a b a s e  i s  a  C O L L E C T I O N  OF S TORED DATA A ' / A I L A B L E  FOR OSE IN THE  
S O L O T I ON  OF A P R O B L E O .
THE d a t a b a s e  i s  Ma d e  o p  o f  d o o a i n s ,  e a c h  o f  w H i c H  c o n t a i n s  a s e t  o f  d a t a  
I TEMS r e l a t i n g  t o  a p a r t i c o l a R a t t r i b u t e .
E . G .  AN EMPLOYEE-NAME DOMAI N C O N T A I N S  THE S ET OF ALL EMPLOYEE NAMES AND
A D E P A R T ME N T - NO  DOMAI N C O N T A I N S  THE S ET OF ALL DEPARTMENT N U M B E R S .
A d i f f e r e n t  NOMMER OF I T E MS  MAY RE PRESENT I N EACH DOMAI N S E T .
A R E L A T I O N  MAY BE D E F I N E D  ON S E V E RA L  DOMA I NS  SOCH THAT FOR EVERY ITEM 
IN ONE DOMAIN OF THE R E L A T I O N  T H E R E  E X I S T S  ONE AND ONLY ONE 
C O R R E S P ON D I N G  I TEM I N EACH OF THE OTHER DOMA I NS  I N TH E R E L A T I O N .
E . G .  A p e r s o n n e l  r e l a t i o n  MAY BE  DEE I NED ON THE DOMAI NS  EMPLOYEE-NAME: ,  
ADDRES S  AND D E P A R T M E N T - N O . TH O S  EACH EMP LOYEE BEL ON G S  TO ONLY ONE 
d e p a r t m e n t  a n d  l i v e s  a t  ONE A DDRES S ^  ALTHOUGH S F \ ; e R A L  EMP LOYEES  
MAY BELONG TO THE SAME D EP ARTMENT OR L I V E  AT THE SAME A D D R E S S .  
t h e  e a s i e s t  WAY TO V I S U A L I S E  THE DATA I N  A R E L A T I O N  I S  I N TABULAR E O R i l ,
w h e r e  t h e  D O ' I A I N NAMES P R O V I D E  THE COLUMN H E A D I NG S  AND THE I T E MS  FROM 
EACH DOMAIN SET P R O V I D E  THE ROW E N T R I E S .
THUS THE DATA I N THE PERSONNEL R E L A T I O N  ME N T I O NE D  ABOVE COULD HE 
C O N S I D E R E D  AS A T A B L E  OF WHI CH THE F OL LOWI NG I S  AN E X T R A C T : -  
P E R S O N N E L  R E L A T I O N
EMPLOYEE- NAME ! A D D R E S S I DEPARTMENT
b r o w n A . 8  . ! 2 4  H I GH  S T R E E T ,  SOUTHTON ! M  .
1 RO 'IN L .  0 . ! 2 A H I G H  s t r e e t ,  SOUTHTON ! 02
BLACK C . D . E . ! 31 M I L L  L A N E ,  WESTHAM I 1 0
J O N E S T . \ à  CHURCH ROAD,  E A S T L E Y ! 0 2
R I LE Y S . M . I T H E  C R E S T ,  H I L L  R I S E ,  NORTHAM ! OK
SCOTT P . J  . 17  C A S T L E  s t r e e t ,  SOUTHTON 1 OR
THE. GENERATED COBOL PROGRAM WI L L  R E T R I E V E  YOUR DATA I N SUCH A WAY THAT  
YOU m a y  C O N S I D E R  THE DATA I N  THE R E L A T I O N  T A B L E  TO BE A ' / A I L A B L E  ON A 
ROW BY ROW B A S I S ,  ONE ROW AT A T I M E .
%DEE STAGE IH'-
X  NOTE: I N T R O D U C T I O N  -  CHECK P O I N T  1
X.  NOTE:  SET CHECK P O I N T  NO.
T # G C K P T = I
T- NOT E:  P R I N T  I NTRODUCTORY D I A L O G U E  FOR STAGE 1
% S ELE CT D I A L  I
X  ' L L I N E = I
X \  EREAD # L L I  NE, -* SO 1
% D E P O S I TS  * S U | \
X  WRI T E
% I E  " L L I  N E . L E . GOTO 1
X  NOTE:  C H A I N  TO S T A GE ?
[ C H A I N O , S T A G E ? 1 
C STAGE2Ü 11? 1
ZEND
oo
18. DIAL2 AND STAGE2 SUBFILES
STAGE 2  -  PASSWORD D I A L O G U E
AC C E S S  TO THE SYSTEM DATABAS E I S  BY MEANS OF A R E L A T I O N  NAME AND I T S  
A S S O C I A T E D  P AS S WORD.  THE R E L A T I O N  NAMES AND PASSWORDS ARE ALLOCATED BY 
THE DATABASE A D M I N I S T R A T O R  TO WHOM AN A P P L I C A T I O N  TO USE THE  SYSTEM 
SHOULD BE MADE . DATA FROM MORE THAN ONE R E L A T I O N  MAY BE R E Q U E S T E D  TO 
SOLVE YOBR P R O B L E M.
%DEF STAGE2W@
% NOTE:  PASSWORD D I A L O G U E  -  CHECK P O I N T  2
% NOTE:  S E T  CHECK P O I N T  NO.
% # G C K P T = 2
% NOTE:  P R I N T  I NTRODUCTORY D I A L O G U E  FOR STAGE 2
% S E L E C T  D I A L 2
% # L L I N E = 1
FREAD # L L I N E , # S H 1  
% D E P O S I T S  # S # 1 \
% WRITE
% # L L I N E = A L L I N E + 1
% I F  # L L I N E . L E . 4 , G 0 T 0  1
% NOTE:  Z E R O I S E  R E L A T I O N  COUNT AND RECORD P O I N T E R
% # G N R E L = 0
% # L R E C = 0
% ■ NOTE:  S E L E C T  R E L A T I O N  D I C T I O N A R Y
% S E L E C T  R E L A T I O N D I C T
% # L I T E M = ' F I R S T '
% NOTE:  R E QUE S T  R E L A T I O N  NAME
%4 D E P O S I TO P L E A S E %T Y P E %T H E %NAME %OF %T HE %# L I T E M%R E L AT I ON%WHOS E %DAT A\
% WRI TE
% D E P O S I T #  Y 0 U % W I S H % T 0 % A C C E S S \
% WRI TE









































S I , , - '
: f . t s - : v : - ' i - ' ;
NOTE: REAO ANO SA^E RELATI ON NAME 
CALL 9 0 0 J  
WRI TE # S 0 1
NOTE: REQUEST PASSWORD
D E P O S I T #  PLEASE%TYPE%THE%PASSW0RD%F0R%RELATI 0N%#S3 1 \
WRITE
NOTE:  READ AND SAUR PASSWORD  
CALL 9 # 0 #
C A L L F S T R ( # L P A S S , I , H )
I F & O N R E L . N E . / j O O T n  H
NOTE: INCREMENT RE L A T I ON  COUNT AND RECORD POI NT E R
# L R E C = 4 L R E C + 1 
# G N R E L = * C N R E L + 1
n o t e : e n t e r  RE L AT I ON NAME AND PASSWORD IN RELATI ON DI C T I ON A R Y
D E P O S I T #  , 4 L P A S S , \
I NSERT 4 L P E C , * S # 1  
I F  f G N R E L . E Q . 9 j S 0 T 0  S
D E P O S I T #  HAWE%YOU%ANY%MORE%RELATlONS%TO?ENTER?%PLEASE%TYPE%\  
CAL L C0 P Y( S 1 , Y%E 0 R%YE S %0 R%N)
WRITE
D E P O S I T #  r O P % N O . ^ T R E % D E F A O L T ? R E P L Y % I S ? N O . \
■AR 1 TE 
CALL 9 # # #
CALLESTRC ^L'M , U  1 )
SQUASH
I E ^ O S T C . S T . l j O O T O  ) ?
1P "LU 1 . E N . ' Y ' , G O T O  P 
1 F a L W! . 1 N . ’ N ' , G O T O  G 
NOTE: I N V A L I D  RESPONSE
D E P O S I T #  ! WWA L I D %R E S P 0 N S E \
•,;r  1 T E  
GOTO zi
NOTE: MORE R E L A T I ON S  TO COME 
4 L I T E M = ' N E X T '
GOTO 4
NOTE:  NO MORE R E L A T I O N S  TQ ENTER CHAI N TO NEXT STAGE  
CONTI NUE  
[ C H A I N % , S T A G E S ]
[ S T A G E S ê l ü ]
GOTO 9 9 9 9
NOTE: I S S U E  PROMPT,  READ R E S P O N S E  AND DETECT PLEA FOR HELP  
D E P O S I T #  : \
WRITE
READ





I F  # L V 1 . E 0 . ' % H E L P ' , G 0 T 0  9 0 0  1 
EXIT
CONTI NUE 
[ C H A I N # , H E L P ]
[ KELP®1®]
% GOTO 9 9 9 9
% NOTE: CHECK FOR DUPLICATE RELATION NAME
% NOTE: I N I T I A L I S E  RECORD POINTER
%8 #LREC=I
% NOTE: READ AND EXTRACT RELATION NAME
%10 FREAD # L R E C , 4 S 0 2
% VSTR3 # 5 0 2 , 1 ^ ,
X n o t e :  COMPARE RELATION NAMES
% I F  #S0  1 . E Q . * S 0 3 , G O T O  II
% I F  f S 0 I . L T . # S 0 3 , G O T O  9
% NOTE: TEST FOR ANY MORE RELATIONS TO SCAN
% I F  # GN R E L . EQ . f LR E C , GO T O  7
% NOTE: UPDATE RECORD P O l NTER
% #LREC=#LREC+I
% GOTO 10
% NOTE: DUPLICATE RELATION NAME
%l l  DEPOSI T#  DUPLlCATE%RELAT|ON%NAME.%NAME%lGNORED\  
% WRI TE
% GOTO 4
7.99 99  CONTINUE
7-END
o
19.  DIAL3 AND STAGE3 SUBFILES 
STAGE 3 -  USERS DATABASE SUBMODEL
THE DOMAINS IN EACH RELATI ON OF YOUR DATABASE WILL BE SHOWN BELOW 
TOGETHER WITH D E T A I L S  OF THE S I Z E  AND T Y P E  OF THE ITEMS THEY CONTAIN  
THE S I Z E  I N D I C A T E S  THE NUMBER OF CHARACTERS IN EACH ITEM OF THE DOMAIN  
AND THE TYPE SHOWS I F  THEY ARE NUMERI C( N)  OR ALPHANUMERI C( A ) ,  THE 
DECIMAL POI NT OF A NUMERIC ITEM I S  ASSUMED TO BE AFTER THE RI GHT- MOST  
CHARACTER UN L E S S  OTHERWISE I N D I C A T E D .  THE P O I N T  LOCATI ON SHOWS THE 
D I R E C T I O N ,  L E F T ( L )  OR R I G H T ( R ) ,  TOGETHER WITH A CHARACTER COUNT 
R ELATI VE TO THE RI GHT- MOS T CHARACTER.
E . G .  ITEM S I Z E  P O I N T  LOCATI ON ITEM CONTENTS NUMERIC VALUE OF CONTENTS  
S L2 17 4 4 3  1 7 4 . 4 3
3 R3 4 4 8  4 4 8 0 0 0 .
WHERE DATA FROM A RELATI ON I S  READI LY AVAI L AB L E  IN AN ORDERED S EQUENCE,
THE KEY DOMAINS WHICH DETERMI NE THAT SEQUENCE WI LL ALSO BE L I S T E D  IN 

















NOTE: DATABASE SUBMODEL -  CHECK P OI N T  3 
n o t e : s e t  c h e c k  P O I N T  N O . ©
# GC KP T = 3
NOTE:  P R I N T  INTRODUCTORY D l ALOGUÉ #
f L L l N E = l
SELECT D I A L S
FREAD # L L I N E , # S 0  1
D E P O S I T #  # S 0  1 \
WR I TE
# L L I N E = # L L I N E + 1  
1 F # L L I N E . L E . 1 4 , GOT 1
NOTE:  1 SELECT;  CATALn:GUEj,1?EADL!C0mTR0L RECORD,  
NOTET AND CONVERT N Ù M Ê R I C " Ê l É L D S " f o  B I NARY  
SELECT CATALOGUE
EXTRACT F I E L D S
©o
o
7 READ # 5 0  1
7 NOTE: CATALOGUE F I L E  COUNT
% C A L L W S T R C # L C F C T , 1 , , )
7 # G l NP = # GCCT+2
% NOTE: CATALOGUE RECORD COUNT
% CALLV/STRC # L C R C T , 0 ,  ,  )
7 #GI NP=#GI  NP + #GCCT+ 1
7 NOTE: CATALOGUE PASSWORD
7 C A L L V S T R ( # L C P W , 0 , , )
7 #GI NP=#GI  NP + # GC C T +  1
7 NOTE: NO.  OF S E C U R I T Y  LEVELS
7 C A L L V S T R C # L S L V L , 0 ,  ,  )
7 CALLCONVC # L C F C T , . # L C F C T )
7 C A L L C O N V ( # L C R C T , # L C R C T )
7 C A L L C O N V ( # L S L V L , # L S L V L )
7 NOTE:  I N I T I A L I S E  SUBMODEL S 1 J B F L L E $ F I L L  % R E C O R g j
7 # L S F C T = 0 '
7 # L S RCT = 1
7 NOTE: Z E R O I S E  DOMAI N COUNT
7 # L D C T = 0
7 n o t e : I N I T I A L I S E  RELATI ON D I C T I O N A R Y  P O I N T E R
7 # L R P T = 1
7 NOTE:  I N I T I A L I S E  CATALOGUE P O I N T E R
7 # L C P T = 2
7 n o t e : CLEAR ERROR I NDI CATOR
7 # L E R R = 0
,7 ' N O T E :  SELECT RELATI ON D I C T I O N A R Y  /
' 7 ' " ' ' '  " NOTE: "  READ R E L A T I O N  RECORD© E XTRACT R E L A T I O N NAME AND PASSWORD
72 CALL S0
7 NOTE:  r e a d  FI LENAME RECORD T Y P E  1 INTO # 5 0  1
7 3 F RE AD # L C P T , # S 0  1
7 NOTE:  EXTRACT F I E L D S
7 NOTE:  FI LENAME INTO # S 0 3
7 VS TR3  # 5 0  1 , 1 , ,
7 NOTE:  EXTRACT F I E L D  COUNT AND CONVERT TO B I N A R Y
7 READ # 5 0  1
7 # G l N P = # G C C T + 2
7 C A L L V S T R ( # L C F D C , 0 , , )
7 C A L L C O N V ( # L C F D C , # L C F D C )
7 NOTE: SAVE POI NTER TO START OF PASSWORDS
7 # L I N P = # G I N P + # G C C T + 1
7 NOTE:  T E S T  FOR MORE THAN A S E C U R I T Y  L E V E L S
7 I F  # L S L V L . L E . 4 , G 0 T 0  A '
7 NOTE:  READ REMAINING PASSWORDS INTO # 5 0 4
7 # L C P T = # L C P T + 1
7 NOTE: COMPARE RELATI ON NAME WITH CATALOGUE FI LENAME
7 4  IE # 5 0 2 . G T . # 5 0 3 , GOTO 6
% IE # 5 0 2 . L T . # 5 0 3 , GOTO 7
7 n o t e : MATCH FOUND -  P R I N T  RELATI ON NAME AND DOMAIN HEADI NGS
% D E P O S I T #  R E L A T I O N 7 N A M E 7 %%# S 0 2 \
7 WRITE
7 DEPOSIT# D E T A I L S % 0 F 7 D 0 M A I N S 7 W 1 T H I N % T H E 7 R E L A T I 0 N \
% WRITE
7 D E P O S I T #  D O M A l N 7 N A M E 7 7 7 7 7 7 I T E M 7 S I Z E 7 7 T Y P E 7 7 P 0 I N T 7 L 0 C A T I 0 N \
7 WRITE
NOTE:  D E T E R MT NE / P AS S ^ ^ ^ ^
7 ........... # L V 1=1
7 # G l N P = # L I N P
7 8  C A L L F S T R C # L P A S S , 0 , 8 )
7 # G l N P = # G l N P + 9
7 I F # L P A S S . E Q . # L R P W , G O T O  10
7 # L V l  = #LV/l  + l
7 IF # L V 1 . G T . # L S L V L , G 0 T 0  11
7 I F # L V 1 . L E . 4 , GOTO 8
7 NOTE: LOAD REMAI NI NG PASSWORDS
7 READ # S 0 4
7 ' # G I N P = 1
7 1 2 '  C A L L F S T R C # L P A S S , 0 , 8 )
7 #GI NP= #G I NP+9
7 I F # L P A S S . E Q . # L R P W , G O T O  10
7 # L V 1 = # L W 1 + 1
% I F # L V 1 . L E . # L S L V L , G 0 T 0  12
7 NOTE:  SET ERROR I NDI CATOR AND P R I N T  MESSAGE
711  #LERR=1
% D E P O S I T #  I N V A L I D % P A S S W 0 R D 7 N 0 % D 0 M A I N S 7 A C C E S S I B L E \
7 WRI TE
% NOTE: UPDATE CATALOGUE P OI N T E R
7 # L C P T = # L C P T + 3 + # L C F D C + # L C F D C
7 GOTO 4 2
7 NOTE: UPDATE RELATI ON P O I N T E R
7 1 3  # L R P T = # L R P T + 1
7 NOTE: T E S T  FOR MORE REL AT I ONS
7 I F  # L R P T . G T . # G N R E L , G O T O  14
7 NOTE: SELECT RELATI ON D I C T I O N A R Y  AND P R OC E S S  NEXT R E L A T I ON  RECORD
o
o
7 CALL 5 0
7 GOTO 4
7 NOTE: UPDAUE CATALOGUE POI NT E R
74  # L C P T = # L C P T + 3 + # L C F D C + # L C F D C
7 I F # L S L V L . L E . 4 , GOT 16
oo
% NOTE:  TES T FOR END OF CATALOGUE
%16 I F # L C P T . L T . # L C R C T , G O T O  3
% NOTE: RELATI ON NOT I N CATALOGUE
% # L E R R = l




% D E P O S I T #  R E L A T I O N % # S 0 2 % N O T % I N % D A T A B A S E \
% WRITE
% . GOTO 13
% NOTE: TES T  ERROR I NDI CATOR
%14 I F  # L E R R . E Q . 0 , G O T O  17
% D E P O S I T #  US E R%E RROR S %P R E V E N T %F U R T H E R %P R O G R E S S . %D O%Y O U %WI S H %T O %\
% CALLCOPY( 5 4 , R E SPEC 1 FYSYOUR)
7 WRITE
% D E P O S I T #  R E L A T I 0 N S ? % P L E A S E 7 T Y P E % Y % F 0 R % Y E S % 0 R % N % F 0 R % N 0 . T H E % D E F A U L T \
7 C A L L C O P Y C 5 7 , 7 R E P L Y 7 I S 7 N 0 . )
7 WR1 TE
7 1 8  CALL 9 0 0 0
% SQUASH
7 I F  # G S T C . G T . 1 , G 0 T 0  19
% C A L L F S T R C # L V 1 , 1 , 1 )
% I F # L V 1 . E Q . • Y * , GOTO 2 0
7 1 F # L V I . I N . ' N  ' , GOTO 21
7 1 9  D E P O S I T #  I N V A L I D 7 R E S P 0 N S E \
7  WRITE
7 GOTO 18
% NOTE: WRITE SUBMODEL CONTROL RE CORD©
7 1 7  ' ^ S E L E C T  SUBMODEL'  '  ^  ^ "
7 RESET # S 0  1
7 D E P O S I T l  # L S F C T , # L S R C T , \
% REPLACE 1 , # S 0  1
7 NOTE: WRITE DOMAl NDI CT  CONTROL RECORD
7 SELECT DOMAl NDI CT
7 REPLACE 1 , # L D C T
[ C H A I N 0 , S T A G E S - 1]
[ S T A G E 3 - 1 ® 1@]
7 GOTO 9 9 9 9
7 2 0  CONTINUE
[ C H A I N 0 , S T A G E 2 ]
[ S TAGE2 ®1 @]
7 GOTO 9 9 9 9
















NE TO READ 
1 S S LIE PROMPT 
T 0  : \
US ERS  R E S P ONS E  AND DETECT A PLEA FOR HELP
GOTO 9 0 0 1
7
I NS E RT  TYPE 1 AND TYPE 3 RECORDS
WRITE 




'.'JR 1 TE 
READ
C A L L F S T R C # L V 1 ,  1 , 5 )
1 F # L V l . E Q . ' 7 H E © P '
E X I T
CONTINUE  
C C H A I N 0 , H E L P ]
[ H E L P ® 1®]
GOTO 9 9 9 9
NOTE:  EXTRACT F I L E  RECORD TYP E 3 
# C c P T = # L C P f +2  
FREAD # L C P T , # S 0 3
NOTE: I N I T I A L I S E  KEY D I C T I O N A R Y  COUNT
#GNKEY=0
NOTE: I N I T I A L I S E  SUBMODEL F I E L D  COUNT
# L S F D C = 0
n o t e : SELECT SUBMODEL AND 
SELECT SUBMODEL 
# L S R C T = # L S R C T + 1 
INSERT # L S R C T , # S 0 2  
NOTE: SAVE RECORD P O I N T E R  
# L S P T = # L S R C T  
# L S R C T = # L S R C T + 1 
INSERT # L S R C T , # S 0 3
NOTE: ADD 1 TO SUBMODEL F I L E  COUNT 
# L S F C T = # L S F C T + 1
NOTE: SELECT' CATALOGUE AND READ T Y P E  1 RECORD'  
SELECT CATALOGUE 
# L C P T = # L C P T + 1 
FREAD # L C P T , # S 0  1
NOTE: REDUCE CATALOGUE F I E L D  COUNT BY 1 
# L C F D C = # L C F D C - 1
NOTE: EXTRACT NAME AND S E C U R I I I T Y  LEVE 
V STR2 # S 0  1 , l , j  
READ # 5 0  1 
# G I N P = # G C C T + 2  
C A L L F S T R C # L V 2 , 0 , 1)
C A L L C 0 N V C # L V 2 , # L V 2 )
NOTE: TES T  I F  USER HAS ACCES S  TO F I E L D
NAME IN # S 0 2
o% NOTE: USER HAS
' TGl  NP©#GTN^^ ,
% CALLV/STRC #LV/3,0, 1 )
7 #G1NP=#GlNP+#GCCT+I
% CALLVSTRC #LV/4,0, , )
% #GINP=#GINP+#GCCT+1
% C A L L V S T R ( # L V 5 , 0 , , )
7 # G I N P = # G I N P + # G C C T + 1
% C A L L V S T R ( # L V 6 , 0 , , )
7 #G1NP=#G1NP+#GCCT+1
7 CALLVSTRC#LV7,0, , )
7 #GINP=#G1NP + #GCCT+1
% C A L L V S T R ( # L V 8 , 0 , , )
7 #G1NP=#GlNP+#GCCT+1
7 CALLV/STRC #LV9,0, , )
7 NOTE:  SELECT DOMAIN
7 SELECT DOMAl NDI CT
7 4 4  # LL0 W= 2
7 # L H 1 G K = # L D C T + 1
7 2  7 I F  # L L O W . G T . # L K I G H , G O T O
% # L C U R = # L L 0 W+ # L H I G H
7 # L C U R = # L C U R / 2
7 FREAD # L C U R , #  S 0 4
7 NOTE:  EXTRACT DOMAIN
7 VS TR3  # 5 0 4 , 1 , ,
7  I F  # 5 0 3 . G T . # S 0 2 , G O T O
7 I F  # S 0 3 . E Q . # 5 0 2 , GOTO
7 # L L OW= # L C U R + 1
7  GOTO 2 7
7 # L H I G H = # L C U R - 1
7 GOTO 2 7
7 n o t e : m a t c h i n g  NAME FOUND
7 2 6  I F # L V 7 . N E . ' 0 ' , G O T O  2 3
7 NOTE: DOMAIN NAME IN MORE
A C C E S S ,  EXTRACT RE MAl Nl NG F I E L D S
I N D I C T I O N A R Y  AND B I NARY SEARCH FOR NAME
2 4
NAME I N # S 0 3
2 5 
2 6
-  T E S T  FOR KEY DOMAIN
THAN ONE RELATI O RESOLVE A MB I G U I T Y  BY
o
7 NOTE: APPENDING RELATI ON COUNT TO F I L L  OUT NAME
7 4  3 D E P O S I T 2  # L R P T \
7 CALL LENV # S 0 2
7 I F  # G S T C . L T . 1 5 , GOTO 4 3
7 GOTO 4 4
7 n o t e : MATCHING NAME NOT FOUND -  T E S T  FOR KEY DOMAIN
7 2 4  I F  # L V 7 . E Q . ' 0 ' , G O T O  2 8
7 NOTE: ENTER DOMAIN NAME IN KEY DI C T I O N A R Y




% REPLACE # L V 7 , # S 0 2
7 NOTE: ADD 1 TO KEY COUNT
% #GNKEY=# 0 NKEY+1
7 2 8  SELECT DOMAl NDl CT
7 NOTE: ENTER NAME I N DOMAIN D I C T I O N A R Y
7 # L D C T = # L D C T + ]
% RESET # S 0 3
7 D E P O S I T S  # S 0 2 , # L V 4 , # L V 5 , # L V 6 , # L V 7 , # L V 8 , # L V 9 , \
7 I NSERT # L L O W , # S 0 3
7 ■ NOTE: SELECT SUBMODEL : A ND E N T E R / F J  E L D ; d ESC'R I PTI  ON J '
7 2  3 SELECT SUBMODEL
7 RESET # S 0  1
7 D E P O S I T l  # S 0 2 , # L V 3 , # L V 4 , # L V 5 , # L V 6 , # L V 7 , # L V 8 , # L V 9 , \
7 # L S R C T = # L S R C T + 1
7 I NSERT # L S R C T , # S 0  1
7 NOTE: INCREMENT SUBMODEL F I E L D  COUNT
7 # L S F D C = # L S F D C + I
7 NOTE: P R I N T  F I E L D  D E T A I L S
7 # C O U P = 1
7 D E P O S I T 0  # S 0 2 \
7 # G 0 U P = 2  1
7 D E P O S I T #  # L V 4 \
7 # GOU P = 3 0
7 D E P O S I T #  # L V 5 \
7 I F # L V 6 . E Q . ' L 0 ' , G O T O  3 4
7 I F # L V 6 . E Q . ' R 0 ' , G O T O  3 4
7 # G 0 U P = 3 8
7 D E P O S I T #  # L V 6 \
7 3 4  WRITE
7 NOTE: UPDATE CATALOGUE RECORD POI NTER
7 3 3  # L C P T = # L C P T + 1
7 NOTE: T ES T FOR MORE F I E L D S
7 I F  # L C F D C . G T . 0 , G O T O  3 1
7 NOTE: UPDATE CATALOGUE P O I N T E R
7 # L C P T = # L C P T + I
% NOTE: UPDATE SUBMODEL F I L E  RE CORD©TYPE: | f
7 FREAD # L S P T , # S 0  1
S D E P O S I T l  , # L S F O C , \
7 REPLACE # L S P T , # S 0  1
% NOTE: P R I N T  KEY H E A D I N G ©
7 D E P O S I T #  K E Y 7 N 0 . 7 7 K E Y 7 D 0 M A I N 7 N A M E \



















7 9 9 9 9
7END
#Lkpf=  j' '
FREAD # L K P T , # S 0  1 
# COUP= 3  
D E P O S I T #  # L K P T \
# G O U P = 1 0  
D E P O S I T #  # 5 0 1 \
WRITE
# L.KPT = # L K P T +  1
^ F  # L K P T . L E . # G M K E Y , G O T O  4 1
= P O I N T E -  AND TES T  FOR 1 0 R E  R E L A T I O N S
! , F ^ ' L R P T . O T . A G N R E L , G O T O  M
. O T e : ^READ AMD EXTRACT D E T A I L S  OF NEXT RELATI ON  
GOTO 16
SELECT R E L A T I O N D I C T  EXTRACT NAME AND PASSWORD
FREAD # L R P T , 4 S 0 I  
VSTR2 # S 0  1 , ] , ,
PHAD # 5 0  1 
 ^G I NP = # GCCT  + ?
C A ^ L W 5 T R ( # L R P W , 0 , , )
S z ^ E C T  CATALOGUF  
EX I T




2 0 .  STAGE3-1 SUBFILE
7DFF STAGE3-1@@
7 NOTE: CHECK FOR D I S J O I N T E D  OR DI S CONNECTED RELATI ONS
% NOTE:  T E S T  FOR MORE THAN ONE RELATI ON
% I F # G N R E L . E O . 1 , GOTO 2 3
% .NOTE:  S E L E C T , SUBMODEL,  READT A N D . E X T R A C T KF I L E ' A N b GR E C OR D ^ C ^
% SELECT SUBMODEL   '   . .
7 FREAD 1 , # S 0  1
% READ # S 0  1
7 C A L L V S T R ( # L S F C T , 1 , , )
7 # G I N P = # G C C T + 2
7 C A L L V S T R C # L S R C T , 0 , , )
7 NOTE: CONVERT COUNTS TO BI NARY
7 C A L L C O N V C # L S F C T , # L S F C T )
7 C A L L C O N V ( # L S R C T , # L S R C T )
% ' NOTE: I N L T I A L I S E  SUBMODEL RECORD P O I N T E R - ©
   # L S ' P T = 2 '     ....
7 NOTE: Z E R O I S E  KEYCOUNT
7 #GNKEY=0
7 ' NOTE:  READ F I L E  D E S C R I P T I O N  RECORDS
7 1 '  ' CALL 8 - ' ' "   .......' " ^
7 NOTE: TES T  KEY COUNT
7 I F  # L K Y C T . G T . # G N K E Y , G O T O  2
7 NOTE: UPDATE RECORD POI NTER
7 # L S P T = # L S P T + # L F D C T + I
7 NOTE: TES T FOR END OF SUBMODEL
7 3  I F  # L S P T . L E . # L S R C T , G O T O  1
7 GOTO 7
7 NOTE: UPDATE KEY COUNT
7 2  #GNKEY=#LKYCT
7 NOTE: SAVE F I L E  POI NTER
7 # L S A V E = # L S P T - 1
7 NOTE: SET SUBMODEL RECORD P O I N T E R
7 # L S P T = # L S P T + 1
7 NOTE: READ F I E L D  RECORD
7 4  CALL 9
7 NOTE: TES T FOR KEY FIELD"
7 I F  # L K E Y . N E . ' 0 i , G O T O  S
7 n o t e : r e d u c e  F I E L D  COUNT
7 6  # L F D C T = # L F D C T - 1















# L S P T = # L S P T + 1
NOTE: TES T  FOR END OF F I E L D  RECORDS  
I F # L F D C T . N E . 0 , G O T O  4 
GOTO 3
NOTE: SELECT KEY D I C T I O N A R Y  AND ENTER KEY NAME 
CALLCONWC# LKEY, # Lk EY)
SELECT KEYDI CT  
REPLACE # L K E Y , # S 0  1 
NOTE: SELECT SUBMODEL 
SELECT SUBMODEL 
GOTO 6 .
<7-  ^ ' ‘ ‘NOTE:  ‘ RESET- SUBMODEL.'  RECORD' PC I NTER]
« '-"I* . .1-    -S.
% NOTE: READ F I L E  D E S C R I P T I O N  RECORDS
71 I # L S P T = # L S P T + 1
% NOTE: TES T FOR SAVED F I L E
% I F  # L S A V E . E Q . # L S P T , G O T O  2 4
% NOTE: READ F I L E  RECORDS
% CALL 8
% NOTE: READ F I E L D  RECORD
7 1 0  # L S P T = # L S P T + 1
7 CALL 9
7 NOTE: T E S T  FOR KEY F I E L D
I F # L K E Y . N E . * 0 ' , G O T O  12  
NOTE: REDUCE F I E L D  COUNT 
# L F D C T = # L F D C T - 1  
I F  # L F D C T . E Q . 0 , G O T O  13  
GOTO 10
NOTE: ' CONVERT©KEY N O . ' T O ' D E N A R Y  AND SAVE ' 
"CA'LLCbNV(‘# L X E T / # L K E Y )    '
# l s k y = # l k e y
7 n o t e : b i n a r y  SEARCH KEY D I C T I O N A R Y  FOR MATCHING. NAME
7 #LL0W=1
7 # LHI GH=#GNKEY
7 SELECT KEYDI CT
7 1 6  I F  # L L 0 W . G T . # L H I G H , G 0 T 0  13
7  # LCUR= # LHI GH+# LLOW
7 # L C U R = # L C U R / 2
7 FREAD # L C U R , # S 0 2
7 I F  # S 0 2 . E Q . # S 0  1 , GOTO 14
7 I F  # S 0 2 . L T . # S 0  1 , GOTO 15
7 # L H I G H = # L C U R - 1
GOTO 16 
#LL0 W=# LCUR+1  
GOTO 16








% NOTE: UPDATE RECORD P O I N T E R
% # L S P T = # L S P T + 1
% NOTE: T E S T  FOR MORE F I L E  D E S C R I P T I O N S
72  5 I F  # L S P T . L E . # L S R C T , G O T O  11
 NOTE':'  CHATN' TO NEXT' STAGE .
' 7 2 3  "  CO'NTTNUË'  ..................................
C C H A I N 0 , S T A G E 4 ]  ■
[ S T A G E 4 @ r @ ] "  ^
% GOTO 9 9 9 9
7 NOTE: UPDATE S U B F I L E  P OI N T E R
7 2 4  # L S P T = # L S P T + # L F D C T + 2
% GOTD 2 5
% NOTE: ERROR DETECTED
7 1 3  D E P O S I T #  Y 0 U R 7 C K 0 S E N 7 R E L A T 1 0 N S 7 C A N N 0 T 7 B E 7 J 0  1 N E D 7 T 0 G E T H E R . 7 D 0 7 Y 0 U \
7 CALLCOPYC5 6 , %W1S H 7 T 0 )
% WRITE
7 D E P O S I T #  R E S P E C I F Y 7 Y 0 U R 7 R E L A T I 0 N 7 N A M E S ? 7 P L E A S E 7 T Y P E 7 Y 7 F 0 R 7 Y E S 7 0 R 7 \
7 CALLCOPYC5 7 , N 7 F 0 R 7 N 0 . 7 T H E )
7 WR1 TE
7 D E P O S I T #  D E F A Ü L T 7 R E P L Y 7 I S 7 N 0 . \
% WRI TE
7 2 2  CALL 9 # # 0
% SQUASH
7 I F  # G S T C . G T . 1 , G 0 T 0  19
7 C A L L F S T R C # L V 1 , 1 , 1 )
7 I F  # L V 1 . E Q . ’ Y • , GOTO 2 #
7 I F  # L V 1 . I N . ' N  ' , G O T O  2  1
7 1 9  D E P O S I T #  I N V A L I D 7 R E S P O N S E S \
7 WRI TE
7 GOTO 2 2
7 2 #  CONTINUE
C C H A I N 0 , S T A G E 2  3 
[ S T A G E 2 @ l @ ]
7 GOTO 9 9 9 9
7 2  1 D E P O S I T #  R U N 7 A B A N D 0 N E D . \
7  WRITE
% GOTO 9 9 9 9
7 NOTE: ROUTI NE TO READ US E RS  RES PONS E AND DETECT A PLEA FOR HELP
7 9 0 # #  READ
7 C A L L F S T R C # L V 1 , 1 , 5 )
7 I F  # L V 1 . E Q . 7 H E L P ' , G 0 T 0  9 0 0 1
7 E X I T
7 9 0 0  1 CONTINUE
............... [ C m T N # , H E L P ]




% GOTO 9 9 9 9
7  NOTE: SELECT S» H MODEL AND UPDATE RECORD P O I N T E R
%17 SELECT S UH4 0 DE L
? d L S ^ T = * L S 9 T + l
% CALL 9
% I F r L K E Y . F D . ' ^ ' j G O T O  14
% NOTE: CONVF.9T KEY NO.  TO BI NARY
7 C A L L C n N W( 2 L K E Y , # L K F Y )
CALCULATE KEY LOCATI ON | N  D I C T I O N A R Y  
CHECK FOP VALI D P O I N T E R  .
% 2LKf T=#LL0W- #LSKY+#LKEY
% I F d L K P T . L F . O j G O T O  13
% I F  " L K P T . G T . * G N K E Y , G O T O  13
% NOTE: SELECT KEY D I C T I O N A R Y  AND CHECK KEY NAME
% SELECT KEYDICT
7 FREAD # L K P T , # S 0 2
% I F  * S # 1 . N E . * S 0 2 , G O T O  13
% GOTO 14
% NOTE:  READ r | L E  D E S C R I P T I O N  RECORDS TYPE 1 AND TY)
7 8  FREAD # L S P T , # S # 1
7 NOTE: EXTRACT F I E L D  COUNT
% WSTR2 # S # | , 1 , ,
7 READ # S 0  1
% # G l N ° = 4 G C C T + 2
7 C A L L V S T R ( 4 L F D C T , 0 , , )
7 NOTE: #EAD TYPE 2 ^ECORD
7 # L S P T = 4 L S P T + 1
7 FREAD a L S P T , # S 0  1
7 NOTE: EXTRACT KEY COUNT
7 READ # S 0  1
7 C A L L V S T R ( 4 L V 1 , 1 , , )
% # G l N P = # G C C T + 2
7 C A L L V S T R ( # L V 2 , # , , )
7 # G l N P = # G l N P + # G C C T + l
7 C A L L V S T R ( 4 L V 3 , # , , )
7 # G I N P = # G I N P + # G C C T + 1 4
7 C A L L V S T R ( # L V 4 , 0 , , )
7 d G l N P  = # G l N P  + # G C C T + l
7 C A L L V S T R ( # L V S , 0 , , )
7 # G I N P = # G I N P + # G C C T + 1
7 C A L L V S T R ( # L V 6 , # , , )
7 # G l N P = # G l N P + # G C C T + l
7 C A L L V S T R ( # L K Y C T , 0 , , )
7  NOTE: CONVERT KEY COUNT t q  B I NARY
7 C A L L C O N V ( # L K Y C T , # L K Y C T )
7 EXI T
o% NOTE:  READ F I E L D  D E S C R I P T I O N  RECORD
7 9  FREAD # L S P T , # S 0 2
7 NOTE: EXTRACT F I E L D  NA-iE AND <FY MO
7 VSTR] # 5 0 2 , 1 , ,
% READ # 5 0 2
. 7  # G INP= # GCCT+2
% C A L L V 5 T R ( * L V l , 0 , , )
7 # G I NP = # GI NP + i-' GC C T + I
7 C A L L W 5 T R ( # L V 2 , 0 , , )
7 # Gl NP = # G l N P + # G C C T + i
7 C A L L V 5 T R ( # L V 3 , 0 , , )
7 # Gl NP =#Gl  NP + #GCCT+ 1
7 C A L L V 5 T R ( # L V 4 , # , , )
7 # G I NP= # GI NP + # G C C T + 1
7 C A L L V 5 T R ( # L W 5 , # , , )
7 #Gl NP = #Gl NP + #GCCT+l
7 C A L L V 5 T R ( # L K E Y , 0 , , )
7 EXIT




2 1 . DIAL4 AND STAGE4 SUBFILES
STAGE 4 - s e l e c t i o n  OF RELEVANT DOMAINS
YQIIR DATABASE CONTAINS A NIIMBER OF DOMAINS NOT ALL OF ' .'7HICH MAY BE 
REQUI RED TO SOLVE YOMR CURRENT PROBLEM. THE SYSTEM I S  ABOUT TO L I S T  THE
c o n t e n t s  OF YOUR DATABASE DOMAIN BY DOMAIN,* AFTER EACH DOMAIN NAME YOU 
WILL BE ASKED WHETHER OR NOT THE CURRENT DOMAIN FEATURES IN YOUR 
PROBLEM.
SHOULD YOU SO D E S I R E ,  THE SYSTEM WILL AUTOMATICALLY ACCUMULATE A TOTAL 
FOR THE ITEMS RETRIEVED FROM ANY NUMERIC DOMAIN.  YOU WILL BE ASKED TO 
INDICATE IF YOU i.JlSH TO A\ /AIL YOU SELF OF T H I S  FEATURE.
7 DF F  STAGEA®®
H NOTE: CHECK POI NT 4 -  SELECTI ON OF.  PROBLEM DO'IAl  NS
% -  NOTE: SET CHECK POI NT NO.
V/'  #GCKPT=4'
% NOTE:  P R I N T  OUT INTRODUCTORY DI ALOGUE FOR STAGE
T.  S E L E C T  D I A L 4
^  7 # L L I N E = 1
%\  F READ # L L I N E , # S 0 1
7 D E P O S I T #  # S 0 l \
7 '-./R I TF
7 # L L I NE = # L L 1N E + 1
IF # L L I N E . L E . 9 , G 0 T 0  1
NOTE:  -SET DOMAINLI ST AND DOMAI NDI CT RECORD P O I N T E R S
7 #LDDCT=1
© %T NOTE:©CLEAR:TOTALS INDICATOR
‘Yf f^TOT©© ' ' '
©  % NOTE© SELECT DOMAIN D I C T I O N A R Y ,  READ AND EXTRACT DOMAIN COUNT
^ ' " SELECT Ddi/iAYN
% EREAD #LDDRT,#LDCT
% C A L L C O N V ( # L D C T , # L D C T )  ^
% : - NOTE : ; UPDATE DOMA I ND 1 CT P O I N T E R ,  READ DOMA I N RECO RD.
^ 77 #LDDPT=#LDDPT+1
7 FREAD # L D D P T , # S # I
7 NOTE:  EXTRACT F I E L D S
7 \ ;STR7 # SO 1 , 1 , ,
7 READ # S # 1
% # G l N P = # C C C T + 2
7 C A L L W S T R ( # L W 4 , 0 , , )
7 # 0 I N P = # 0 I N P + # 0 C C T + 1
7 C A L L V S T R ( # L V R , 0 , , )
7 1NP = # 0 1 N P + # OC C T + 1
s  O A L L V S T R ( # L V 6 , 0 , , )
7 # 0 1 NP =# G l N P + # GC CT+ 1
7 CALLVSTRC#LV7, 0 ,  , )
7 # G 1NP = # G1NP + #GCCT+1
7 C A L L V S T R ( # L V 8 , 0 , , )
7 # G I N P = # G I N P  + # GCCT+ 1
% C A L L V S T R ( # L V 9 , 0 , , )
% PNOTE:'  P R I N T  DOMAI N: N
7 ' " DEPO S I T #  © S # 2  \
7. WR 1 TE
7 DEPOSI TO D0ES7TKE^ APOV E7 DOMA I N7FEATI1RE7,1 N7 YO UR%PROBLEM? % P L E A S E % T Y \
7 CALLCOPYCS 7 , P E 7 Y 7 F 0 R 7 Y E S 7 0 R )
7 ' -/RITE'
7 DE P OS I  TO N7F0R7N0 . 7 THE7 DEE A'JLT7 REPLY7 I S%NO . \
7 î-LR I TE
73 CALL 9 0 0 0
7 S(M!ASK
7 I F  f G S T C . G T . 1 , GOT O 4
CALLF S TRC #L\ /  1 , 1 , 1 )
IF # L V 1 . E O . ' Y ' , G O T O  S 
7 I F  # L V I . I N . ' N  ' , G O T O  16
7 4  OBEY 2 1 0 0 , 3  
NOTE: BY DEFAULT INCLUDE KEY DOMAINS
716 IF #L\/7 . EO.  ’ 0 ' ,  GOTO 6
7 GOTO 7
7 NOTE: DOMAIN TQ HE USED. TEST DOMAIN TYPE.
O
I F  d L v ^ . F o . ' A ' , G o ^ ü  7  :__ ' ' ____ :____
NOTE: NUMERIC DOMAIN.  ASK USER IE TOTALS REQUIRED
D E R O  s I T #  D O 7  TO'  I7'<; I S r | 7  T H E 7  S Y  S T E ' 1 7  T D 7  A CCI  ' /]' I L a T E 7  A 7  T O T à L ^ O F  7  4>FT R | E V E N
CALLCOPYC S 7 , D 7 |  TEMS7 j N%THI S)
WR I TE
DERQ S I TO DOMA I N? 7PLEA SE©- TYPE7 Y7FQ R7 YE S70 P?N%F0R7N0 . %THE%DEEAULT%R\
CALLCOPYC5 7 , EPLY%IS%NO. )
WR I TE
CALL 9 0 0 0  \
SQUASH
I F # C S T C . C T . 1 , 0 0 T 0  9 
CA L L F S T R C # L V | , 1 , 1 )
I F  # L V I . I N . ' N  • ,OOTO 7 
I F # L V 1 . F Q . ' Y ' , 0 0 T 0  10 
OBEY 2 1 0 0 , 8
NOTE: SET TOTALS INDICATOR 
# CT OT = 1
NOTE: SET TOTALS MARKER
#LV2=' T '
GOTO 1 A
NOTE: CLEAR TOTALS MARKER 
# L V 2 = ' '




DEPOSI T 1 # S02 J # Lvp ,  # LV4 J # LVS,  #LV/6 J # LV7,  #LV8 ,  # LV9 ,  \
INSERT # L D L P T , # S 0  1 
SELECT DOMAINDICT 
NOTE: REDUCE DOMAIN COUNT
#LDCT=#LDCT-1 
IF # LD C T . NE . 0 , GO T O  2
NOTE: UPDATE DOMAINLIST CONTROL RECORD 
# L D L ^ T = # L D L P T - l  
SELECT DOMAINLIST 
REPLACE 1 , *L D L P T  
NOTE : CHAI N TO NEXT STAGE 
[ C H A I  N O , S T A G E S ]
[ STAGES®1®]
7 GOTO 9 9 9 9
^  % NOTE: PRI NT I NVALI D RESPONSE MESSAGE
































% NOTE: ROUTINE TO READ USERS RESPONSE AND DETFCT A PLFA FOP HFLP
%9##% DEPOSI T#  : \
% WRI TE
% READ
% C A L L F S T R C # L V ] , 1 , 5 )
% I F  # L V 1 . E Q : ' % H E L P ' , G 0 T 0  9 0 0  1
S E X I T
%900 1 CONTI NUE
[ C H A I N O , H E L P ]
[ H E L P ® 1®1 
7 9 9  9 9  CONTINUE  
%END
Oo
2 8 .  DIALHELP AMD HELP SUBFILES
THE FOLLOWING OP T I O N S  ARE AV A I L A B L E  TO YOU IN R E S P ONS E TO YOUR PLEA FOR
H E L P : -
1 . ABANDON THE RUN.
2 .  RESTART THE DIALOGUE AT THE B E G I N N I N G  OF THE CURRENT STAGE OR AT
A P R E V I O U S  S T A G E .
3 .  TO SEE THE DI ALOGUE FOR THE CORRESPONDING STAGE OF THE SAMPLE  
PROBLEM AND RESUME P R O C E S S I N G  AT THE B E G I N N I N G  OF THE CURRENT 
STAGE.
4 .  TO EXPERIMENT WITH E D I T I N G  DATA AND THEN TO RESUME P R O C E S S I N G
AT THE B E G I N N I N G  OF THE CURRENT S TAGE.
18 OWN CODE P R O C E S S I N G
17 VIEW OF SAMPLE REPORT PAGE
16 TOTAL LI NECS)  S P E C I F I C A T I O N
IS S U B - T OT A L  LI NECS)  S P E C I F I C A T I O N
14 SEQUENCE BREAK HEADING S P E C I F I C A T I O N
13 PAGE HEADING S P E C I F I C A T I O N
12 REPORT T I T L E  S P E C I F I C A T I O N
11 EXTRA DATA ITEMS -  D A T E ,  T I M E ,  PAGE NO.
10 D E T A I L  LI NECS)  S P E C I F I C A T I O N  
9 E D I T I N G
8 REPORT LAYOUT I NTRODUCTI ON  
7 SELECTI ON OF DATA FOR RETRI EVAL  
6 DATABASE I N C O N S I S T E N C I E S  
5 TEMPORARY EXTENS I ON OF DATABASE  
4 SELECTI ON OF RELEVANT DOMAINS  
3 DATABASE SUBMODEL 
2  PASSWORD DI ALOGUE  
1 INTRODUCTION
AT WHICH OF THE ABOVE STAGE N O S .  DO YOU WISH TO RESTART?
%DEE HELPy-e -
^  N 0 T E - î - Hr LP MACRO
 % ' -  - m f e t - ^M PTY-0 UTPUT STACK" OF ANT" LEFT OVER . ROHBt-SH
o
7 0 FF HELP®®
7 NOTE:  HELP MACRO
Q )  % NOTE: EMPTY OUTPUT STACK OF ANY LEFT OVER R U B B I S H
7 S A U F , 0 , WORK
7 NOTE: P R I N T  INTRODUCTORY DI ALOGUE
7 9 0  0 1 SELECT DI AL HE L P
7 NOTE:  T E S T  CHECK P O L N T - V A L U E : T O  DETERMI NE HOW MANY OF THE O P T I O N S
% NOTE:  SHOULD BE OFFERED TO THE USER
7 I F  # G C K P T . L T . 9 , G O T O  1
7 # L R A N J = ' 1 2 3 '
7  # L L A S T = 8
7 GOTO 2
71 # L R A N J = ' 1 2 3 4 '
7 # L L A S T = 1 0
7 2  # L L I N E = 1
7 CALL 2 0 0 #
7 NOTE:  REQUEST USER TO S P E C I F Y  SELECTED OP T I ON
7 D E P O S I T #  P L E A S E 7 T Y P E 7 T H F 7 N U M B E R 7 0 F 7 Y 0 O R % S E L E C T E D 7 0 P T l 0 N . 7 T H E 7 D E F \
7 CALLCOPYC5 6 , A U L T 7 R E P L Y 7 I S 7  1 . )
7 WRITE
% NOTE: READ AND VALI DATE U S E R S  R E S P ON S E
7 3  CALL 9 0 0 #
7  SQUASH
7 I F  # G S T C . G T . 1 , G 0 T 0  4
% CALLFSTRC # L W 1 ,  1 , 1 )
7 I F  f L V l . E Q . "  * , G 0 T 0  10
7 I F  #L\M . I N . # L R A N J ,  GOTO 5
z  . NOTE: .1 NVALI D . O P T I  ON. NO ......... ............
o
%A D E P O S 1 TO 1 NVALI D%OPT I 0 N 7 N O . \
7 I'JP I TE
. 7  GOTO 3
7 NOTE: SET DEF AULT R E S P O N S E
7 1 0 # LV 1 = 1
7 GOTO 11
7 NOTE:  BRANCH TO P R O C E S S I N G  FOR SELECTED OPTI ON
7 5  C A L L C 0 N W ( # L V 1 , # L V 1 )
#LV 1 = # L \ / |  +5  
7 GOTO #LV1
% NOTE:  OP T I ON  1 -  ABANDON RUN
^ 7 6  D E P O S I T #  R U N 7 A B A N D 0 N E D . 7 P L E A S E 7 T Y P E 7 ® 1 ® F I N I S H \
7 WR I T E
7 E XI T
7 NOTE:  OPTI ON 2  -  RESTART AT AN E A R L I E R  CHECK P O I N T
7 NOTE: COMPUTE L I N E  NO.  FOR S T AR T  OF STAGE L I S T
7 7  # L L 1 N E = 2 9 - # G C K P T
7 * L L A S T = 2 9
% NOTE:  P R I N T  L I S T  OF A V A I L A B L E  RESTART STAGES AND REQUEST
7  NOTE:  RESTART STAGE NO.
7 CALL 2 # 0 #
% NOTE: READ AND V A L I DAT E  STAGE NO.
7 4 3  CALL 9 0 0 0
7 SQUASH
7 I F  # G S T C . L T . 1 , GOTO 4 1
7 I F  # G S T C . G T . 2 , G 0 T 0  4 1
I F  # G S T C . E Q . 1 , GOTO 4 2  
C A L L F S T R C # L V 1 , 2 , 1 )
7 T E S T D l G T C # L V 1)
7 I F  # G T S T . E Q . 0 , G O T O  4 ]
7 4 2  CALLFSTRC #LV 1 , 1 , 1 )
7 T E S T D i G T C # L V 1 )
7 I F #  G T S T . E Q . 0 , GOTO 41
7 # 0 0 U P = # G S T C
7 C A L L V S T R C # L V 1 , 1 , 0 )
% 4 0 0 U P = 1
7 '  C A L L C 0 N V C # L V 1 , # L V 1 )
7 I F  #L\ M . GT . # G C . K P T ,  GOTO 41
7 I F  # L W l . L T . l , G O T O  4 i
@  7 NOTE: ADJ US T CHECK P O I N T  V A R I A B L E
7 4 4  . f G C K P T = 4 L V | - l
7  NOTE: CHAI N TO REQUESTED STAGE
7 I F  # G C K P T . G T . S , G O T O  3 0
7 4 5 CONTINUE
[ C H A I N 0 , s t a g e # L V n
o:
oo
[ S T A G E # L V  1® 1 i'J 3 
% GOTO 9 9 9 9
7 n o t e :  1N\ / ALI 0 RESTART NO .
741 DEPOSI T#  1NVALID7RESTART7STAGE7N0 . \
7 '-JR I TE
7 GOTO 4 3
7 n o t e  : CHA NGE MA 1 NFI LE
7 3#  I F  # G C < P T . L E . 1 3 , G 0 T 0  31 
7 . I F  * G C < P T . F Q . l 4 , o o T O  32
7 I F  # G C K P T . E Q . t S , G O T O  33
7 M A I NF j L E , G WAC l 32 - DA T 4
7 GOTO 4 5
731 MAI NF I L E , G WA C l 3 2 - DA T l
% GOTO 4 5
7 3 2  M A I NF I L E , G WAC l 3 2 - DAT2 
7 GOTO 4 5
7 33 M A I NF I L E , G WAC l 3 2 - DA T 3
% GOTO 4 5
% NOTE: OPTION 3 -  P R I NT  SAMPLE DIALOGUE FOR CURRFNT
% NOTE:  E S T A B L I S H  RANGE OF L I N E S  TO B E  P R I N T E D
%8 AL\ ; i= 1000+#GCKPT 
7 GOTO #LV1
7 1 0 0  1 ALLAST=45 
7 GOTO 1 1 0 0
7 1 0 0 2  * L L A S T = 3 0  
7 GOTO 1 1 0 0
7 1 0 0 3  #LLAST=46 
7 GOTO 1 1 0 0
7 1 0 0 4  #LLAST=72  
7 GOTO 1 1 0 0
7 1 0 0 5  # LLAST=188  
7 GOTO 1 1 0 0
7 1 006  # LLAST= 17  
7 GOTO 1 1 0 0
7 1 0 0 7  #LLAST=4S 
7 GOTO 1 1 0 0
7 1 0 0 8  # L L A S T = 9  1 
7 - GOTO 1100
7 1 0 0 9  #LLAST=69 
7 GOTO I 100
7.10 10 #LLAST=29 
7 GOTO 1 1 0 0
710  11 # L L A S T = 1 3  
7 GOTO 1 1 0 0
7 1 0  12 # L L A S T = 3 6  
-  G O T O  1 1 0 0
STAGE
o7 GOTO 1 1 0 0
7 1 0  14 # L L A S T = 4 0  
% GOTO 1 1 0 0
7 1 0  15  # L L A S T = 3 8  
7  GOTO 1 1 0 0
7 1 0  16 # L L A S T = 2 4  
7 GOTO 1 1 0 0
7 1 0  17 # L L A S T = 1 0  1 
7 GOTO 1 1 0 0
7 1 0  18 # L L A S T = 2 2 1 
7 1 1 0 0  # L L I N E = 1
7 M A I N F I L E , G W A C l 3 2 - M O D L
7 S E L E C T  M O D E L # GCKPT
7 I F  # G C K P T  . E Q . 1 7 , GOTO 3 0 0 0
7 CALL 2 0 0 0
7 1 1 0  1 M A I N F I L E , G W A C l 3 2 - D A T A  
% ; ÆLV1 = #GCKPT:)
7 ""^^ © 3 Ô t Ô  4 4
7 n o t e : o u t p u t  m o d e l  17  S U B F I L E
7 3 0 0 0  FREAD # L L I N E , # S 0  1
7 NOTE:  R E P L A C E  > BY BLANK
% I F  • < • . A T . # S 0 1 , GOTO 3 0 0  1
7 3 0 0 2  D E P O S I T #  # S 0 1 \
7 WRI TE
7 # L L I N E = # L L 1 N E + 1
7 I F  # L L I N E . L E . # L L A S T , G 0 T 0  3 0 0 0
7 GOTO 1 1 0  1
7 3 0 0 1  S W A P 1 , > ,
7 GOTO 3 0 0 2
7  NOTE: OP T I ON  4 -  T R I A L  E D I T I N G
7 9 '  "  MA l NF YLË, GWACY3 2 ' : b A
C C K A I N 0 , S T A G E 9 ]
C S T A G E 9 ® 1® ]
7 N0 TE: ' ^R0 UTI  NE TO I S S U E  PROMPT,  READ R E S P ONS E  AND DETECT KELP PLP
7 9 0 0 0  D E P O S I T #  : \
7 WRITE
7 READ
7 C A L L F S T R C # L V 1 ,  1 , 5 )
7 I F  # L V 1 . E Q . ' % H E L P ' , G 0 T 0  9 0 0  1
7 E X I T
7 NOTE: P R I N T  REQUI RED L I N E S  FROM SELECTED F I L E
7 2 0 0 0  FREAD # L L I N E , # S 0 1  
7 D E P O S I T #  # S q i \
7 WRITE
7 # L L I N E = # L L I N E + 1
7  I F  # L L I N E . L E . # L L A S T , G 0 T 0  2 0 0 0
7 EXI T
7 9 9 9 9  CONTINUE  
%END
